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“HIGH CAPACITY 


Siface STANDARD RATED 
OT FURNACES 


@ Thirty years of combustion and furnace engineering together with 


operating data from hundreds of installations have made possible 
the high production capacity and low cost per pound operation of 


‘Surface’ Pot Furnaces 





Operating results show more than 19,000 hours of high rate production 


per pot... averages as high as 6,000 hours output per pot 
@ ‘Surface’ Automatic Proportioning Burners . 

E B ‘Surface’ High Heat Input Furnaces offer:— 
(self cooling) are located to fire tangentially into 


ce se . @ 
furnace setting ombustion is completed en Maximum production—pieces per hour 
tirely within the burner tunnels, preventing flame 7 

. Greatest production pieces per span ot pot life 

impingement on pot and furnace lining 

Burner: are located near the top of the furnace Lowest heat treating cost per piece produc ed 
where the greatest heat input is re quired Least investment in equipment 
Circular pet tvees avajlable in 16 standavd si . Minimum floor space requirements 


for temperature range fr 








Rectangular type It is only through maximum production, per unit, per hour, that 
for temperature minimum Costs per piece produc ed can be realized. Before pure hasing 
Other 


a pot furnace compare the heat input and production rates with ‘Surface 


Pot Furnace data. Ask for Bulletin PG-45 and Specification P-45 


SURFACE COMBUSTION CORPORATION TOLEDO 1, OHIO 
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Timken Bit— 


heated by 
TOCCO 


Induction Heating 


Bit— 
heated by 
conventional 
methods 


with TOCCO* Induction Heating 


The very important savings obtained by TOCCO Induction Heating of rock drill 
bits for forging is typical of over a thousand cases involving metal parts of all 
shapes and sizes. If you manufacture parts which require hardening, annealing, 
brazing, soldering or forging, TOCCO can probably save you money, too. 


1. Lack of Scale. Engineers at The Timken Roller 
Bearing Company report a reduction of scale— 
from 2.79% to .79% by the application of TOCCO 
to heating barstock for forging their rock drill bits. 


2. Longer Die Life. An equally important savings 
results from greatly increased die life made pos- 
sible by lack of scale and complete uniformity of 
heating obtained by TOCCO. 


THE OHIO CRANKSHAFT COMPANY 
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3. Production Up. Automatic TOCCO heats bar- 
stock ata rate which produces 1500 pieces per hour 


4. Other Advantages. TOCCO is compact, saves 
floor space; is free from radiant heat and gases 
usually present with conventional type furnaces. 
TOCCO engineers are glad to study your opera- 
tions, without obligation, of course, 
cost-cutting possibilities. 


for similar 


eer rer onronrow Mail 


| ew FREE 


BULLETIN 


Coupon Today 


THE OHIO CRANKSHAFT CO. 
Dept R-5, Cleveland 1, Ohio 


Please send copy of ‘ 
Forming and Forging.” 


Name 


Address_ 


City 


‘Typical Results 
of TOCCO Induction Heating for 
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OVER 3,000 
INSTALLATIONS 
(more than Fill other electric 
salt baths combined)—for: 


CARBURIZING 
CYANIDE HARDENING 
NEUTRAL HARDENING 

ANNEALING oF HARDENING 

STAINLESS STEEL 

BRAZING 
HARDENING 
HIGH SPEED STEEL 
AUSTEMPERING 
MARTEMPERING 
PROCESS ANNEALING 
CYCLIC ANNEALING 
DRAWING (TEMPERINGY 
SOLUTION 
HEAT ee es 
ALING « DESA 
- CLEANING 


Either way you figure, Ajax Electric 
Salt Bath Furnaces provide far and 
away the most satisfactory, the most 
economical and the fastest means of 
heat treating tool steels. 

Productive capacity is two or three 
times that of other heat treating meth- 
ods because of fast heating. 

Distortion is negligible. In many 
cases, the elimination of rejects and 
greatly decreased finishing costs 
have quickly repaid the cost of Ajax 
equipment. 

Surface protection is unsurpassed 
—because the salt bath automatically 
seals the work from all atmosphere. 


Rejects reduced 
from 10% to zero! 
Finish grinding 
reduced 50%! 


of heat treating tools and dies? 


(HIGH SPEED, HIGH CARBON, HIGH CHROMIUM, STAINLESS AND CARBON STEELS) 


Zuality of the finished work? 


Scaling, decarb and pitting are 
avoided. Work leaves the furnace 
clean and bright. 

Temperature control is closer, more 
accurate. Thanks to the Ajax electro- 
dynamic stirring principle, the tem- 
perature will not vary more than 
5 F. in any part of the bath. 

Adaptability—The Ajax Salt Bath 
handles any type of high-speed, car- 
bon or alloy tool and die steel 
Moreover, it occupies less floor space, 
does not require a skilled operator, 
and provides maximum protection 
and long life for pots—because it 
heats from the inside out! 


Write today for helpful bulletin 


AJAX ELECTRIC COMPANY, INC. 


910 Frankford Avenue 
The World's Largest Manufacturer 


WPAN 


Philadelphia 23, Pa. 
3 Ex 


»f Electric Heat Treating Furn 


Ajax Metal Co. Ajax Electric Furnace Corp. Ajax Engineering Corp. Ajax Electrothermic Corp. 


IN CANADA: Canadian General Electric Co., Ltd., Toronto, Ont. 


ELECTRIC 
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ACID 


SETTLING BASIN 
‘48,000 GALS.) 


ye Sei | GLASS ELECTRODE 


| ll 
a ASSEMBLY 
VALVE DRIVE 


MECHANISM 





Schematic pian diagram of Micromax Automatic pH Con- “controlled conditions’’ plant at Allentown, Pa. Waste is 
trol as applied to acid waste in Western Electric Co.'s new from metal-finishing and -plating operations. 


Industrial \W/astes Neutralized Dependably 


With Help of Micromax pH Control 


Western Electric Co.'s new Allentown, Pa., plant includes not only an adequate ‘s 
! 
r system, but has that system so arranged that waste is accurately Remember 


brought to a specific pH value betore going to the outfall in the Lehigh Rive Bulletin ND44-96-708 
Neutralization is carried out effectively by the well-known Micromax pH Control 





waste-neutralizin 


System, used tor years in a wide variety of industrial applications. Highly sensitive 
and responsive, this rugged equipment provides dependable “round the clock” 
service, day after day. 

Anyone with a waste neutralization problem is invited to make use of our unique 
service tor determining its control possibilities. We call this service “controllability 
unalysis.”” The culmination of many years of study and experience, this analysis 
actually predetermines, in detail, the conditions necessary for successful pH 
he individual plant. If the plant has a waste-treating layout already 


control in t 
in use, analysis will predict within what limits pH can be held, And. if these Th 
lin its are not satist t y‘. we can Us ially sugvest practical changes which \“ ll 6 
bring about the desired results. The analysis is quickly made, requires very little ext 

time, and can be done trom information you supply us by mail. If you qua 
would like to see what “controllability analysis” will mean to vou, just send for ot 


‘ : ’ of Inc 
Bulletin or write to Leeds & Northrup Co., 4927 Stenton Ave., Phila. 44, Pa. _ 











* TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


& NORTHRUP CO. 


vi-<clase matter Fel 
the act of March 


Jrl. Ad ND 44-96-708 (1) 


Metal Progress is published and copyrighted, 1919, by American Society subscriptions ve 2 ceras 
for Metal« Ol buchd Avenue, Cleveland, Ohio Issued monthly at the post office a » under 
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ALL CHALLENGES ACCEPTED 


In the making of forgings, Midvale is used to the difficult. 
Our reputation as Custom Steel Makers to Industry has 
brought us many novel and intricate jobs but we have 
never refused to consider one because it was too hard. No 
size is forbidding—we have equipment to handle the biggest 

and an experience in making a wide variety of com- 
positions of carbon, alloy or stainless steels. Midvale’s experi- 
enced engineers are promptly available for consulting and 
planning. The Midvale Company, Nicetown, Philadelphia. 


CORROSION AND HEAT RESISTING CASTINGS 
FORGINGS AND RINGS 


THE MIDVALE COMPANY 


CUSTOM STEEL MAKERS T0 INDUSTRY 


BRANCH OFFICES: NEW YORK * CLEVELAND * CHICAGO * HOUSTON * WASHINGTON © PITTSBURGH * SAN FRANCISCO 
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Westinghouse 


Belt conveyor brazing furnace | 
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(Brazed areas indicated in red) 


4120 SAVED 


every 8 working hours with Westinghouse Brazing 


Four cents per unit! $1,120 every eight hours. 
That’s what one manufacturer saved when he 
switched from machining to Westinghouse braz- 
ing. With production of 3,500 units per hour, 
each furnace produced these startling savings. 

Why spend dollars? Braze it for pennies with 
Westinghouse equipment. The Westinghouse 
brazing furnace is only one of a wide variety 
of furnaces—both gas-fired and electric—pro- 


duced by Westinghouse. 


Therm-a- TCCTINE. & HEAT AND METALLURGICAL SERVICE THAT 
OFFERS WITHOUT OBLIGATION 

ENGINEERS — Thermal, design and metallurgical engineers to help you study 
your heat-treating problems with a view toward recommending specific heat- 
treating furnaces and atmospheres. 

RESEARCH—A well-equipped metallurgical laboratory in which to run test 
samples to demonstrate the finish, hardness, and metallurgical results that can 
be expected on a production basis. 

PRODUCTION—A modern plant devoted entirely to industrial heating. 
EXPERIENCE — Manufacturers of a wide variety of furnaces—both gas and elec- 
tric—and protective atmosphere generators. 


For either gas-fired or electric operation, 
Westinghouse can make thorough, impartial 
recommendations for the type of equipment 
needed to handle your heat-treating problem 
most economically. Get all the facts today. 
Call your nearest Westinghouse office or write 
Westinghouse Electric Corporation, 181 Mercer 


Street, Meadville, Pennsylvania. J-10347 
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Licture OF A“PLUS” 


.eeln Proportioning Control 


Here's a “plus” that vou can see and evaluate in terms of better 
ae production at lower cost. Its the new Brown electronic propor- 
tional control relay... the relay that permits you to take full 


advantage of the extreme sensitivity of your Llectronik Controller. 


The extra features of this new. compact unit include unmatched 
sensitivity and stability. positive action, manual reset adjust- 
ment. signal lights to indicate valve operation. and an adjustment 
of 21°, to 206°, of the nominal proportional band value of the 
instrument resistor. Designed for flush mounting. its drawer- 


type construction makes it easily accessible 


All of these features add up toa big “plus” in proportioning 
control that deals in dollar and cents results. Write. today. for 
Specification Sheet «193... or call your local Brown engineer 


for free consultation and advice. 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
BROWN INSTRUMENTS DIVISION 
— ¢ hairs peli ehenapere mete 3 ih er Stein “Sn 4503 Wayne Ave., Philadelphia 44, Pa 


Controller. It may alko be used with the F A 
Circular Chart Controller md is available for anode and thro 
new or exiting proportioning control installations 





Honeywell 
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ELIMINATE 
GALVANIC CORROSION 


speciry ALCOA 


ALUMINUM FASTENERS 


You can prevent the galvanic corrosion that can 
result when dissimilar metals are used to fasten 
aluminum assemblies: Fasten aluminum with Alcoa 
Aluminum Fasteners. 

Aleoa Fasteners are available from stock with 
Phillips heads for fast. slip-free power driving, or slot- 
ted heads: in sheet metal. wood and machine screws: 
all popular sizes, standard threads. Nuts. bolts, 
washers. lock washers, solid or tubular rivets and 
cotter pins are also available. 

Investigate the low costs and sales advantages of 
Aleoa Aluminum Fasteners today. Vorite on vour 
letterhead for free samples. specifving the type and 
size vou'd like. Atuwinum Cowpavy or Awerica, 
2101 Gulf Building, Pittsburgh 19, Pennsylvania. 


'e) 
FASTENERS» 
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This new dripless pouring spout, by elimi 
nating dripping of acids, will help prevent 
personal injury by acid burns and protect 
laboratory apparatus and furniture. Two 
types of dripless spouts are available, one 
having 38 mm. threaded skirts to fit the 
J. T. Baker acid bottle, and another to 
fit the Baker & Adamson, Du Pont, 
Mallinckrodt, and Merck acid bottles. In 
addition, a group of dripless spouts are 
available for reagents and cther laboratory 
liquids for use on bottles having 22, 24, 
and 28 mm. threaded skirts. All spouts, 
including air-tight caps, are made of 
polyethylene plastic, will resist acid, and 


are easily cleaned. 


Key to the no-drip feature (patent ap 
plied for) is shown in the sketch. There is 
a tapering groove leading from the top 
of the orifice to the 


recess control,’’ which is set back a short 


“auxiliary volume 


distance from the lip of the pour-out spout. 





When pouring ceases, a small amount of 
fluid is pocketed in the recess control 
Simultaneously with this action, there is a 
rush of liquid forward of the control and 
on the side wall of the orifice to the tapered 
groove which widens out at the merging 
of same into the recess. This action unites 
the liquid in the tapered groove and the 
contrcl recess which tends to move slowly 
back towards the inside of the vessel as 
the vessel is brought to an upright posi 


tion. This action causes the liquid forward 


Molded Reservoir instantly 
retracts liquid from lipwhen 
pouring stops 


of the tip of the orifice to either sever 
itself from the main body or be brought 
back into the vessel 

H-59652 Dripless Acid Spout — For Baker & 
Adamson, Du Pont, Mallinckrodt, and Merck 


5-pint acid bottles. (See H-59654, for J. T. Baker 
5-pint acid bottles). Per box of six. $2.25 


H-59654 Dripless Acid Spout — For J. T. Baker 
5-pint acid bottles only. Per box of six . $2.25 


H-59655 Dripless Spout — For use on screw cap 
bottles. 


Cap size, mm e« 22 24 


Per box of twelve . 


AVAILABLE FROM STOCK 


Prices Subject To Change Without Notice 


a 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 


CLEVELAND 6, OHIO 


CLEVELAND + CINCINNATI «+ 
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* LOS ANGELES + PHILADELPHIA 
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Prom ore dock to finished product, quality control watches over the entire process 
of making Wisconsin Steel. Here is steel of finest quality, carefully produced under 
the exacting standards of Wisconsin Steelmen. 


The crankshaft of this International KB-10 truck is made of Wisconsin Steel—an 
important reason why this dependable truck delivers the goods. Wisconsin Steel 
and International Trucks—are long on stamina. 


WISCONSIN STEEL COMPANY, Affiliate of 


mrtamarionas INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue, Chicago 1, Illinois 


WISCONSIN STEEL 
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Foundry Production Operations at 


HUNT-SPILLER MANUFACTURING CORPORATION 


Emphasize Economy of GAS 


EFFICIENT UTILIZATION of GAS in four mod- 
ern ovens resulted in a §0°% saving in fuel cost 
when compared with previous core-baking meth- 
ods at Hunt-Spiller’s foundries. 

This pioneer South Boston producer supplies 
iron, steel, and alloy castings to manufacturers of 
locomotive, marine, and diesel power plants. The 
highest quality controls are applied to this type of 
work, and operating economies are vital factors 


Works Manager H. E. Barber, Jr., in commenting 


AMERICAN GAS ASSOCIATION 


420 LEXINGTON AVENUE, NEW YORK 17, N.Y. 


on the Gas-fired core-baking ovens, stated “They 
turn out cores that are uniform in quality, thereby 
reducing rejections later on in the foundry. 
Working conditions are much improved due to 
the use of a clean fuel and work-saving more than 
justifies the cost.” 

This example of the effective utilization of 
GAS in foundry productioncering is typical of the 
results to be obtained with modern Gas Equipment 
Some of the important advantages of GAS in 

Hunt-Spiller’s core-rooms can be 
itemized 

e Reduction in core-baking time 

e Greater uniformity of baked cores 

e Improved working conditions 


e Automatic control of baking 
temperature 


e Economy of fuel effectively utilized 


Results like these are worth investi- 
gating because you'll find modert 
Gas Equipment for every typ 

It 


pment 


core-baking requirement 
to keep an eye on devel 


Gas-fired Foundry Equipment 


Operators load one of the four 
modern Gas-fired core-baking 
ovens. 
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BUILT TO MOVE GOODS— 


The weight’s in the load and not in the truck when frames, 
body panels, fenders, wheels and other truck structural parts 
are made of N-A-X HIGH-TENSILE. And while affording weight 
savings of up to 25‘% in section, the high physical properties 
of N-A-X HIGH-TENSILE insure superior strength and increased 


resistance to fatigue, corrosion, abrasion and denting. 


This decrease in deadweight decreases on-the-job expenses, 
too. Trucks built with N-A-X HIGH-TENSILE consume less gaso- 
a oii line ... require less maintenance .. . give longer service. And 
a 
ee ei the excellent formability, weldability, and fine surface texture 
of N-A-X HIGH-TENSILE mean that you build them better, with 
no added fabricating problems. 


GREAT LAKES STEEL CORPORATION cris cr neticnc Stee! corporation 
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For many years Tinius Olsen Testing Machine Company 
has cooperated with industry to design and build testing 
equipment suited to particular, and often extraordinary 
requirements. 

Because Olsen offers such a complete selection of time- 
proved standard niachines in all capacities up to millions 
of pounds with varied ranges, the problem of producing 
special testing equipment is greatly simplified. By select- 
ing a basic design, and building special functions into 
it, costly delays and excessive engineering time are 
eliminated. 


, A 


Whatever your physical testing requirements—usual 
or unusual—Olsen gives you the ultimate in performance, 
accuracy, dependability and economy 

Write today for Bulletin +30 covering the complete 
line of standard Universal Testing Machines. Our engi- 
neering department will be glad to discuss special ap- 
plications with you. 


SE PO Tye eee 


t 


The NEW Olsen Plant 


fover 100,000 


square 


feet of area all on one 


floor). Willow 
Po (Suburb of Phila) 


Grove, 


Testing & Balancing Machines 


TINIUS OLSEN 
TESTING MACHINE CO. 


2030 Easton Rd. Willow Grove, Pa 
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This 


WAGNESIUM 


... light, strong, easy to machine 


lightweight 


SOW 


does a 


“HEAVY WEIGHT’S” JOB! 


It's a lightweight to lift, but when it comes 
to cutting ability, the portable saw shown 
above is definitely a “heavyweight.” 
Magnesium die castings made this pos- 
sible! The manufacturer took full advan- 
tage of their extreme lightness and remark- 
able strength. This saw is powerful, 
sturdy, durable, yet it can be operated 
easily by one man. The entire unit weighs 
only 49 pounds, complete! 


Magnesium accounted for important fabri- 
cation economies, too. It is economically 
die cast to close tolerances, and requires 
a minimum of machining. 

Let lightness increase the sale of your prod- 
uct—let magnesium pay for you. Because 
magnesium is readily available in all 
common forms and priced more favorably, 
the competitive advantage of lightness 
costs you less today than ever before. 


aye, CASTINGS — 


Write for this revealing free book “How Magnesium Poys.” It's filled with 
actual cose studies of how manvutacturers of a wide range of products have 
found that magnesium pays 


Send me the study MP 49-47 “How Magnesium Poys.” g 


Magnesium — 
Pays fe 


MAGNESIUM DIVISION - THE DOW CHEMICAL COMPANY - MIDLAND, MICHIGAN 
Bee eee ee ee ee ee 


New York © Boston + Philadelphia + Washington + Cleveland « Detreit + Chicage + St Lewis + Heuston + San Francisco «+ Los Angeles + Seattle + Dew Chemical of Canada, Limited, Terente, Canada 
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of Aluminum 
Specifications 


A A NO NN A om ee a 


Dept. SJ 

Federated Metals, division of American 
Smelting and Refining Company 

120 Broadway, New York 5, N. Y. 


Please send me a copy of the Aluminum 
Specifications Hand Book 


My Name 
Company Name 
Company Address 
City 


State 


IMLco P-6 


For your convenience... here in one 24-page volume 

. are all the latest specifications of the aluminum 

industry—-ASTM. AMs, SAE. Federal. Army. Navy 

and others—as they pertain to Sand Castings. Permanent Mold Castings. Die 
Castings. Wrought Alloys and Ingots. 

This 24-page book is not a sales manual. There is no talk in it about the 
nationwide production, research. and service facilities of Federated which 
make this company first in the non-ferrous field... no facts which prove that 
Federated’s scientific production control and friendly. on-the-spot help with 
foundry problems mean more satisfactory and profitable products for you. 

This Aluminum Alloys Specifications manual is a reference book ... a must 
for your top desk drawer. Its another Federated first... another Feaerated 
service. Mail the coupon today for your free copy 

Federated Metals produces aluminum alloys of all specifi- 
cations. as well as copper-base alloys. bearing metals. solders, 
magnesium alloys, fabricated lead products. zinc dust. de- 


oxidizers and hardeners. 24 offices across the nation. 


Seduce METALS 


Division of American Smelting and Refining Company, 120 Broadway, New York 5, N.Y. 
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MOBILE INSPECTION 





FOR THE TOUGHEST JOBS 





Westinghouse 250 kv Mobile X-Ray Unit 


Large, unwieldy structures can now receive the 
same positive x-ray inspection previously avail- 
able only for relatively small parts. The Westing- 
house 250 kv Mobile X-ray Unit can be rolled 
to any point to examine parts which cannot be 
readily moved to the inspection area. 

Operator safety, an extremely important factor 


where the heavy shields of fixed installations can- 


you can ee SURE 


not be employed, is thorgighly taken care of in 
the Westinghouse 2 kv Mobile Unit. The 
entire operating position is lead shielded. 

Call your locgf Westinghouse X-ray specialist 
today for ful//details of this and other Westing- 
house Inddstrial X-ray Equipment. Or write the 
Westinghouse Electric Corporation, P. O. Box 
86% ‘Pittsburgh 30, Pennsylvania. J-08206 


Westinghouse 


PLANTS IN 25 CITIES . OFFICES EVER YWHER 


X-RAY 








FABRICATED ALLOYS 


Now... 


hac Vice Sand Seal Rings 


Of Inconel 


This new Rolock construction of 

sand seals eliminates all radial welds 

and makes them integral with the 

body of your Homo-Carb furnace 

retort . . . facilitating installation and 

maintenance. 
The One Piece seal insures perfect fit, which means sound, 
full penetration, gas-tight welds . . . the weld metal having 
the same strength and resistance to high heat and corrosion 
as the parent metal itself. Rolock Inconel retorts prevent 
atmosphere leakage . . . lengthen life of electric heating 
elements . . . do away with bulging or sagging. 


If you've been troubled by embrittlement from carburizing 
or gas cyaniding atmospheres . . . and you want to cut 
heating costs, improve work, specify Rolock Inconel Re- 
torts with the new One Piece integral Sand Seal . . . for 
original or replacement equipment. 


Inconel Retort with one piece integral Sand Seal 


Offices in: PHILADELPHIA * CLEVELAND * DETROIT + INDIANAPOLIS * CHICAGO ¢ ST, LOUIS * LOS ANGELES 


ROLOCK INC. * 1220 KINGS HIGHWAY, FAIRFIELD, CONN. 


a at i 


for better work | 
Easier Operation, Lower Cost 
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Forming the bell of o French horn is a highly 
skilled operation in which the bell bottom is 
spun from a flat disc of brass. Not only is the Wa ee 

bell shaped, but the metal thickness is reduced. y pa’ => 


“4 


y “a! 


ot Ws ERASS 


The stem is formed from cartridge brass strip, yl 


nt en rnd bl, he ” ry tbat makes the Bend 7 | 


When Col. C. G. Conn, the colorful Elkhart grocer who played in 
the town band, abandoned the cracker barrel for the tuba and the 
trombone in 1875, he bent his first horns to shape around tree trunks 
But he started the industry that has made this nation the most mus 
ical on earth a nation of three million young musicians, of 30,000 


school bands and 35,000 school orchestras 





Since those early days, throughout the evolution of the Conn fac 
tory from a board shack to the largest and most modern in the world 
Conn Instruments have been made from Brass and Nickel Silver 
supplied by The American Brass Company 


Well-known to both musicians and metal craftsmen are the many 
Te obtain a uniformly smooth contour, both 
inside and out, the bell and stem are filled with , ' 
pitch before bending on this bench fixture. for musical instruments. Only these metals can produce the tonal 


qualities desired and only their ductility and ready workability 


advantages that make brasses and other copper alloys indispensable 


can produce the flowing curves, the graceful tapers and glistening 
bells of modern band instruments 

“We have always found,” writes Conn, “the copper alloys fur 
nished by The American Brass Company to be consistently uniform 
in the properties so essential to our operations. And when we say 
this, it shoula be borne in mind that our standards of material test 
ing and tonal precision are without equal in our field.” 

Uncompromising metal standards such as those set by C. G. Conn 
Ltd. are the expected thing in industry after industry specifying 
Anaconda Copper and Copper Alloys. How varied these industri 
are, and the alloys they require, are graphically indic: | 
next page. 


ANAC@nDA THE AMERICAN BRASS COMPANY 


Skipping several hundred operations, we come General Offices: Waterbury 88, Connecticut 
to the finished instrument. It is now checked for 


pitch on the Conn Electronic Tester that meas- 
ures tonal accuracy to 1/100th of a semi-tone. 





CUPRO NICKE, - 
We corre, miu 5x 1 wenn, 


and good 
Reg. U.S. Pat. Of. 


Electrical wires, cables, 
bus conductors, commutator 





| Copper is the trunk of an 


indispensable family tree 


indeed. These de 


metals have contributed to the 


The copper family of alloys is versatile 
pendable development of 


Other 
metals may have more distinctive properties. Chromium is 


practically all technical and industrial progress. 


harder; magnesium is lighter; silver has higher conductiv 


ity. But f all commercial metals, copper and its alloy 


combine t ical and chemical 


properties not found in any other ¢g 


These properties include a high degre orrosion resist 


ance; high tensile 1 and fatigue sistance; ductility 


hardness and toughr istance to 








abrasion; hot or cold workability; machinability. and high 


thermal and electrical conductivity 


Yet, these very properties, singly or in combination, can pe 
varied considerably by metallurgical adjustment of compo 
it 


ion and by changes in the technique of fabrication 


nical Department will be glad to work with you in 
tal for a specific application 
AnaconnA THE AMERICAN BRASS COMPANY 
OH - General Offices: Waterbury 88, Connecticut 
bsidiary of Anac g Company 
New Toronto, Ont 


SAloys 


nda Copper M 


Ja American Brass Ltd 


Saconda Coy 


Conada: Anacor 





YOU SOLVE 4 PROBLEMS 
when you switch to 
INCONEL’ THERMOCOUPLE 

PROTECTION TUBES 


HIGH TEMPERATURES! 


Inconel is thermally durable. Hundreds of high- 
temperature applications in many fields have 
demonstrated the heat resistance of this 80% 
Nickel — 14% Chromium alloy. You can use 
Inconel thermocouple protection tubes up to 
2200’ F. in sulfur-free atmospheres. 


And at any temperature, you'll find the thinner 
walls of close-grained Inconel tubes a big help 
where you need quick, accurate response to tem- 
perature changes. 


MECHANICAL SHOCK! 


Inconel is strong and tough. And, it has good 
strength and toughness at high temperatures. In 
many jobs (for example, forging furnaces ), ther- 
mocouple protection tubes have to take bumps 
and jolts during charging and discharging. These 
are the jobs where use of Inconel pays an extra 
dividend. As a matter of fact, its high hot-strength 
frequently makes Inconel the choice even where 
excessive corrosion or high temperature is not a 
problem. 


CORROSION! 


Inconel is corrosion-resisting. Because Inconel 
combines excellent thermal endurance with all- 
‘round corrosion resistance, you can use Inconel 
protection tubes to guard thermocouples against 
chemical attack by carburizing vapors and gases 
... nitriding atmospheres... hydrogen-nitrogen 
atmospheres . . . fused salt baths. 


The greater impermeability of seamless, drawn 
Inconel tubes also means better protection of 
thermocouples from harmful gases. 


REDUCING AND OXIDIZING ATMOSPHERES! 


Inconel has met the problem created by increased 
use of reducing atmospheres in bright annealing, 
nitriding, oxide reduction, and similar operations. 
Inconel gives long service in these processes be- 
cause itresists the embrittling effects of hydrogen- 
nitrogen atmospheres. 


Or if your operation is carried out in an oxidizing 
atmosphere, you can count on Inconel tubes here, 
too. For Inconel resists scaling ... even at high 
heat. 


Prevent operating interruptions caused by thermocouple protection 


tubes that can’t “take it.” 


Standardize on Inconel tubes wherever possible! For most jobs their 
longer life makes the cost actually less than the tubes you are now using. 

Seamless, drawn Inconel protection tubes, with one end closed and 
the other end threaded, are available in standard IPS diameters. Your 
regular supplier or instrument manufacturer can furnish any size or 
length with either standard or extra-heavy wall thickness. 


*Reg. U.S. Pat. OF 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wall St., New York 5, N.Y. 


ff, COW il -for long life at high temperatures 


(80 NICKEL -/4 CHROMIUM) 
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STAINLESS SAVES 21% 


on this Perforated Strainer Pan 


eht analysis tells the 
inother company 
Anuco Stainless to cut 

ts and provide their 


a better prod i t! 


customers with 


These perfor ited strainers for all- 
cor mercial d sh ish- 


ere formerly made of a 1] 


Stainless Steel 


non-ferrous metal. Now thew re 13 


vat Pype 102 Armco Stainless Steel 
one pound lighter because If ive 
Stainless is stronger than the 11 gage 
metal it replaced. 
The total saving in material and 
fabricating costs 


1) cents or 216 


on each pan. As many as 10 strainers 


are required for large washers 
Users are elated with the new Stain 
less pan. It doesn’t damage easily in 
rough handling. and the center handle 
stays on. Corrosion resistance is much 
hetter because Armco Stainless is not 
ifected by 


Replacements were 


commercial detergents 
formerly the 
rule because chemicals in these clean- 
rs caused corrosion of the non-fer- 
~ metal) 
Anuco Stainless Steels to 
t-cost and improve products 
or equipment is nothir new: 1 
be possible in vour bus 
why not take the first is LD 
today by inalvzit 
product costs using this rusth teel 
Aruco kr 
it over. 
Just address 
tion. 147 Curtis St 


cineers will be lad to talk 


Armco Steel ¢ orpora 


Middletown. Oh 


ARMCO STAINLESS STEELS 
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STEWART INDUSTRIAL FURNACES 


Scuce 
The first Spencer Turbo was in- & 
stalled in 1917. Many of the early 
machines are still in service. A few ag SPENCER 
of the equipment manufacturers & 
that have used Spencers consis- 
tently (see dates) for many years 
are represented on this page. 


ae 
: a 


, 


SALEM ENGINEERING CO. 


PES 


INDUSTRIAL HEATING EQUIPMENT CO. ye 
i \\ ,E 


— w 
afc 


W. S. ROCKWELL COMPANY 


Standard sizes from 35 to 20,000 cu. ft.; 's to 800 H.P.; 
8 oz. to 10 Ibs. Single or multi-stage, two or four bearing. 
Special gas-tight and non-corrosive consruction available. 


Special Spencer Bulletins are available as follows: Data, 
No. 107, Gas Boosters, No. 109, Four Bearing, No. 110, 
Blast Gates, No. 122, Foundries, No. 112 and the General 
Bulletin is No. 126. 


ELECTRIC FURNACE CO. 
ee SPENCER TURBINE COMPANY ¢ HARTFORD 6, CONN. 


JRBU-COMPRESSORS 
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HASTELLOY 


Alloy ~ Gives thousands of 
Cyaniding yom? 
Equipment » TOUTS SEIVICE 





Hastevtoy nickel-base alloys are being used more and 
more where elevated temperatures and thermal shock 
are combined with corrosive conditions. Cyaniding 

baskets and racks, for example, give months of service when made of HAsTeELLoy alloy sheet. 
For these alloys are strong, ductile materials that resist the effects of extreme heat and 
repeated quenching, as well as the corrosive action of molten cyanide. 

If your operating conditions demand a metal that will resist scaling and corrosion and 
maintain high mechanical strength at elevated temperatures, one of the four grades of 
Hastettoy alloy may solve your problem. These alloys are available in all standard forms 
and can be readily fabricated by most common methods. For descriptive literature and 


price lists, contact our nearest district office. 


* 
PART: Cyaniding Basket 
ALLOY HASTELLOY” A 
BATH TEMPERATURE: 1550 deg. F 
COOLING: By dumping in water 
LIFE: 3 years 


PART: Cyaniding Rack 

ALLOY HASTELLOY” A 

BATH TEMPERATURE: 1625 deg. F 
COOLING: In oil 

LIFE: 1 year 


Haynes Stellite Company 


Unit of Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 
TRAOE-MARK Soles Offices 
Chicago — Cleveland — Detroit— Houston 
Los Angeles — New York — San Francisco — Tulsa 





ts of Haynes Stellite Company 
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new ENTHONE products 
finishing 


or better metal 


Sods 
RU AAQQ*°°WS 


1 ALUMINUM BRIGHTENING COM- 
POUND 140 — A new process for chemi- 
cally brightening and polishing of many 
aluminum alloys by simple immersion. 
Beautiful finishes are obtained in 30 sec- 
onds 


2 ALUMON — A process for preparing 
aluminum alloys for electroplating with 
all types of solutions. It is now being used 
by hundreds of manufacturers in the 
United States. 


3 ACTANE — Promotes brighter nickel 
plating by removing colloidal agents left 
on the work following cleaning. Particu- 
larly effective for treatment of copper and 
brass prior to bright nickel plating 


4 ACID ADDITION AGENT — Reduces 
fuming in pickling by creating a foam 
blanket. Better wetting and more uniform 
pickling accomplished in both sulphuric 
and hydrochloric acid pickles. 


5 BRASS CLEANER — A general pur- 
pose alkali cleaner for cleaning of all 
metals. Particularly suited for cleaning of 
copper, brass, Britannia metal, solder, tin 
and lead alloys 


6 ZINC CLEANER 20 — An anodic al- 
kali cleaner for zinc base die castings to 
prepare them for electroplating. Insures 
the absence of blisters. 


7 CLEANER 100 — A powerful highly 
detergent alkali cleaner for soak or elec- 
trolytic cleaning of steel 


8&8 ALUMINUM CLEANER “E” — An etch- 
ing type aluminum cleaner that both 
cleans and etches the surface of alumi- 
num alloys to produce finely etched uni- 
form surfaces. Controlled foaming elimi- 
nates hydrogen spray. 


9 EMULSION CLEANER 75 — A power- 
ful new emulsifiable solvent cleaner safe 
for use in the plating room. Cleaner oper- 
ates cold and removes oil, grease and buff- 
ing compound rapidly and economically. 


10 EMULSION CLEANER 86 — An emul- 
sifiable solvent cleaner used mixed with 
water for rernoval of solid dirt and buff- 
ing compound by means of agitation or in 
spray washing machines. 


11 COMPOUND NR-37 — An addition 
agent to be added to a cold or hot water 
rinse to prevent rusting during drying of 
steel. Leaves no residual film. 


12 WATER DISPLACING LIQUIDS - 
Water-shedding liquids to remove water 
films from metal to accomplish fast and 
stain-free drying. 


13. INHIBITOR 9 — A new type of in- 
hibitor for hydrochloric, sulphuric, hydro- 
fluoric or other non-oxidizing acids. A 
complete inhibitor that is free-rinsing and 
leaves the metals bright 


14 EBONOL “C” — A patented process 
(U.S. Patent * 2,364,993) for blackening 
and coloring copper and its alloys. Beauti- 
ful adherent deep black finishes are pro- 
duced. 


15 EBONOL “S” — A one-bath blacken- 
ing process for iron and steel operating 
from 285-290°F. 


~ 


SS SS 
WSs" 


SSSVLNLALAN ®AAYA 


16 EBONOL “Z” — A one-bath simple 
chemical process for blackening zinc plate 
and zinc alloys. Glossy attractive durable 
finishes are formed. 


17 STRIPPER S-17 — A quick evapora- 
ting stripper used at room temperature 
for removal of many enamels, lacquers, 
varnishes and paints. 


18 WIRE ENAMEL STRIPPER WS-72 — A 
thicicened wire enamel stripper for remov 
ing enamel, “Formex” and “Formvar”™ 
coatings from wire 


19 STRIPPER S-300 — A powerful strip- 
per for synthetic enamels that is used 
mixed with water both at room tempera- 
ture and heated. 


20 BLENDALL — An additive for nitro- 
cellulose lacquers to give much higher 
gloss and flow-out to the coatings. Also 
is an excellent retarder to prevent blush- 
ing. 


Paste this on a Post Card 


OR PIN TO YOUR LETTERHEAD 
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20 City and State 


ENTHONE INC, 
442 Elm St., New Haven, Conn. 


11 Please send Literature checked 


Title 








The grain you want 





Is the grain you get 


B&G SERIES 1522 
CENTRIFUGAL PUMPS 


Here’s a completely outstanding pump, offering 
features which eliminate many usual pump 
troubles. Its mechanical seal eliminates a stuffing 
box—prevents leakage—permits handling of dif 
ficult liquids without trouble. Other features in 
clude standard motor, spring-type flexible cou 
pling and interchangeable parts. 


B & G QUENCH TANKS 


Quench tank design is an im 
portant factor in obtaining 
proper cooling at minimum 
operating expense. Correct 
sizing and shaping frequently 
result in lower auxiliary equip 
ment cost and contribute to 
better over-all control 

B & G Quench tanks are 
made in standard shapes or 
can be designed to your spe 
cific requirements. Their con 
struction assures maximun 
turbulence of the oil, prevent 
ing formation of vapor bub 
bles and consequent irregular 
surface hardness. 


..-WHEN YOUR QUENCHING IS 


Your heat treating operations are designed to produce a definite 
metal structure—do your quenching methods preserve it? 

For assurance of uniform quality in your finished product, you 
can do no better than to install a B & G Hydro-F/o Oil Quenching 
System. You can assemble the system from separate B & G Oil 
Cooler components, or do as so many heat treaters are doing today 
—install a B & G Self-Contained Unit as illustrated above. 

It’s factory-assembled, complete in every detail, needing only 
connection to oil and water lines for immediate operation. 

Send for B & G Catalog V-1146. It gives you complete informa- 
tion on B & G Self-Contained Oil Coolers, together with easy 


Hydre-fia 


=| OIL QUENCHING SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. AZ-16, Morton Grove, Ill. 
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NEW! Facts on 91140 for 
makers of machined parts 


EED a steel with exceptional wear resistance and excellent 
machinability? Get the facts on 91140—a special Timken 
graphitic alloy steel—in this brand new booklet, just off the press! 


Used for screw machine parts, grinding machine parts, chuck 
vvcuan THMKEN oor" , jaws, cams, feed fingers and many other parts, 91140 stubbornly 
cwrnes fasten resists wear, defies scuffing and scoring. It responds uniformly to 

heat treatment. It machines faster and easier than other alloy steels 
with similar properties. 


ma 
wears LONGER 


These and other important details are given in the new 91140 
booklet. It describes physical properties. Gives general instructions 
for working and heat treatment. Tells about successful applications 

Write today for your free copy to The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. Cable ad 
dress: “TIMROSCO”. 


A few of the many successful applications of 91140 are shown below: 


rd 


bh 


ee 








PNEUMATIC HAMMER PARTS ROTARY AIR TOOL PARTS 


PUMP AND CHANGE GEARS 


SREEL 


LATHE WAYS 
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Another oustanding JEL develyoment- 


Jal E 


FREE-CUTTING STEEL 
A new bessemer 


SCREW STOCK 


with proved machinability 
ratings as high as 170! 





© Backed by 50 years of leadership in the standard bessemer screw steels and with 
field of free-machining, cold-finished steels. similar tensile properties. 


® Proved by exhaustive field testing. Note the following equivalents: 


oJ &L“E” Free-Cutting Steel is made —__E-15 - equivalent standard grade, B-1111 
in three grades: E-15, E-23 and E-33, E-23 - equivalent standard grade, B-1112 
each within the composition limits of the  £-33 - equivalent standard grade, B-1113 
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BETTER MACHINE FINISH 
Forty-five independent 
ais a LONGER TOOL LIFE 


throughout the HIGHER SPEEDS | a F 
metal-working industry, J mACHINABILITY RATINGS 


have tested over UP TO 170 


6,100 tons of J&L “E” 
. BETTER RESPONSE TO FORMING 
Steel in more than 


100 applications. AND COLD WORK 


These shops report: HIGHER MAGNETIC 
PERMEABILITY 


For 50 years J&L has led in the development of 
free-cutting, cold-finished steels—both bessemer 
and open-hearth. Every new J&L steel introduced 
in this field has been a major contribution toward 
the lowering of the unit cost of machined steel 
parts. Now we offer you J&L “‘E’’, a bessemer grade 
steel with distinctly greater free-cutting efficiency. 








During the development of J&L “‘E” Steel, at least 
four years were spent proving its qualities, in the 
field, under a great variety of machining conditions. 
In the course of our investigations, J&L metallurgists 
have accumulated considerable data and a large All standard 
number of case histories. Therefore, we say with d h 5 
assurance that J&L “E” free-cutting steel opens sizes ana $ ape 
the door to new production economies you never are available. 
thought possible. 
You will want complete information on this latest Ramittu:iane 
J&L steel development. Let us discuss the money- ae oe 
saving possibilities of J&L “E” Steel with you. The pope hese emma 
coupon is for your convenience. Please have your representative call 
Name 


Title 


Compony 


Jones & LAUGHLIN Steet CorPORATION 


PRINCIPAL PRODUCTS: HOT ROLLED AND COLD FINISHED 
BARS AND SHAPES + STRUCTURAL SHAPES « HOT AND COLD 
ROLLED STRIP AND SHEETS + TUBULAR, WIRE AND TIN MILL 
PRODUCTS + ‘‘PRECISIONBILT’’ WIRE ROPE +« COAL CHEMICALS 


Address 
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Electronic Proportional Current-Input Pyrometer Controller. 


Typical on-off control gives you a temperature 


HOW TO MAKE 
TEMPERATURE 


in furnaces, ovens, 
melting pots 


WALK A 
STRAIGHT LINE 


record like this A AAR,S UV —» 4 


But Bristol proportional current-input con- 
trollers give you a temperature record like this 





Bristol’s Proportional Current-Input Elec- 
tronic Pyrometer Controller proportions the 
current input to electrically-heated furnaces, 
ovens, plastic molding presses, salt pots, metal 
melting and holding furnaces, and other similar 
equipment to provide practically straight-line 
control. It does this by time modulation of the 
input energy. The average energy supplied is 
proportional to the deviation of the temperature 
from the control point throughout a band width 
which is dial-adjustable from 0 to 2'2% of full 
scale reading. 

A disc rotating freely between two coils affects 
the flow of current to the heating unit, the aver- 
age energy supplied being determined by the 
departure from the control point. Time cycles 
can be furnished for 15 seconds, 30 seconds and 
one minute. 


Operating electronically, there are no moving 
parts in the control circuit, which means the 
pointer of the pyrometer unit is free from me- 
chanical engagement — providing a more accur- 
ate indication and hence closer control. No 
overshooting the control point on the start up. 
No deterioration of heating elements due to 
wide fluctuations in temperature. 

Write for Bulletin PB1237. THE BRISTOL 
COMPANY, 106 Bristol Rd., Waterbury 91, Conn 
(The Bristol Co. of Canada, Ltd., Toronto, Ont.; 
Bristol’s Instrument Co., Ltd., Lynch Lane, Wey 
ith, Dorset, England.) 


mo 


Typical On-Off 
control of electric 


furnace 


Result of chang- 
ing to propor- 
tional current- 
input control on 


electric furnace 


BRISTOL 


Gives You the 
Most from Heat 








AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 
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HEATING 
SMALL FORGINGS 


more efticienty/ ™ 


256 of these units are now in service—heating 
billets for forging into gears, pinions, con- 
necting rods, counterweights, articulated rods, 
spiders, crankshafts, etc. Hagan $’-0”, 7’-0”, 
9’-0” and 11’-6” sizes are also available in 
portable design—requiring no foundation. 


GEORGE J. HAGAN COMPANY 
2404 EAST CARSON ST. - PITTSBURGH 3, PA. 
DETROIT + CHICAGO - LOS ANGELES - SAN FRANCISCO 


9-0” Size. Piece 3%" x 3%" =x 8%". Pleces per hour—84. 
Pounds per hovr—2140. Used witli 





7’-0" Size. Piece—2'4“ x 
2" x 14%". Pleces per pares 2%" x 4%". Pleces per 
hour—71. Peunds per <2), heur—221. Pounds per 
hour—1190. Used with (/ © \\\ hewr—1768. Used with 
1500 Ib. hemmer. VOOR) #9 Maxipress. 

















Coad 


LD eer 


gz 


TUBULAR PRODUCTS - 


, ; N \ \ \\ N\ 
WAASS 


Freedom begins 


In America we take Freedom 
for granted. It is hard for us to under- 
stand why anybody would willingly 
give up his freedom, to live under a 
tule that dictates every move of his 
life. 

Yet we must face the sobering fact 
that right here at home there are plen- 
ty of people who are working to curtail, 
and eventually to abolish personal 


at home 


freedom, and substitute rigid central 
controls over our activities. Too often 
these misguided groups and individ- 
uals work harder at their self-appoint- 
ed tasks than do we who think we 
prefer freedom. 

We as business men, above all others, 
perhaps, have a responsibility in this 
matter which we can ignore only at 
the peril of our own survival. 


The Youngstown Sheet and Tube Company 
General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON, ALLOY AND YOLOY STEELS 


CONDUIT - RODS - 


SHEETS 


ELECTROLYTIC TIN PLATE - COKE TIN PLATE - WIRE - COLD FINISHED CARBON AND ALLOY BARS - PIPE AND 
RAILROAD TRACK SPIKES. 


PLATES - BARS 
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THIS SPOOL (shown actual size in cutaway) is made entirely from sheet, using an alloy of Kaiser 
Aluminum. It is used in the precision manufacturing and packaging of fine drawn copper wire 
Here's f¢ f of its superiority: Eight months after introduction, more than a million were in use 


One word tells why this spool is superior! 


m! \t gives 3. The life of the spool is longer by far, too, without the necessity of plating 


advan- because Kaiser Aluminum resists cor- polishing or buffing, and it can’t rust 


a j lo 
rosive action of ids and gases ; 
: : You can effect fabricating economies by 
wenn 4. Copper wire can be annealed directly using Kaiser Aluminum, too! Fewer 


\luminum on this spool, without the flanges man hours, fewer manufacturing steps 

more sales toeing out under pressure. That's be more economical equipment are the rule 
cause aluminum’s co-efficient of ex- 

yansion is slightly more than copper s 

this spool’s PI you like to realize the advantages of 

t of one made 5. And finally, Kaiser Aluminum gives Kaiser Aluminum in your product? Call 


jual strength the spool an extra sparkle of sale n a Permanente Metals’ engineer for 


Whatever you manufacture, wouldn't 


Which means important ability! It will retain its good looks help with the answer! 


, , . 
d 


ipped and 
gain 
Permanente Metals 
the spool 
ynami ility, necessary with PRODUCERS OF 
th speed winding and unwinding 


t's because aluminum combines ) 


-—") / 4 Cc , > Cc 

] v7 r 7 ror a 
ightness with strength and rigidity 2 } 7 | } 

And its exceptional workability | ) | 

means precisi curacy of all parts 4 U s l 4 4 


PERMANENTE PRODUCTS COMPANY, KAISER BLDG., OAKLAND CALI 
EXPORT OFFICE, OAKLAND, CALIF, 
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Johns-Manville 


.-.sets a new high of 3000 F 


for insulating fire brick service 


@ Here is a new insulating fire 

brick, especially developed by 

the Johns-Manville Research 

Laboratory for use in forge fur- 

naces, ceramic kilns, chemical 

process furnaces and other types 
of high-temperature equipment operating above 
the previous range of insulating fire brick. 


Some of the more outstanding advantages of 
JM-3000 Insulating Fire Brick are: It is the highest 
temperature insulating fire brick made for backup 
or exposed use, effectively withstanding the full 
3000 F. Its efficiency remains at a high level 
throughout the life of the brick. It has exceptional 
service advantages in many operations at lower 
temperatures where regular or special fire brick 
is ordinarily used. 


Johns-Manville 





With its combination of outstanding insulating 
and refractory properties, JM-3000 Insulating 
Fire Brick has been found to provide longer life, 
greater fuel economy and important savings in 


downtime. For further information, write to 


Johns-Manville, Box 290, New York 16, N. Y. 


PHYSICAL AND THERMAL PROPERTIES 
Molded from high quality kaolin clays plus alumina 
Density —63-67 Ib per cu ft 
Modulus of rupture—200 Ib per sq in. 

Linear shrinkage—(24 hr Panel test “ 3000 F) .8 per cent 
Linear thermal expansion to 2000 F—.5 to .6 per cent 
Pyrometric cone equiv.—Cone 37+ (3308 F+) 
Temperature limit— 3000 F 

Conductivity (Btu in. per sq ft per F per hr at mean temp) 
F 500 1000 1500 2000 
Btu 3.10 3.20 3.35 3.60 


Ftesl tnt 


INSULATIONS 
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© PHOSPHOR Stone 


gor SEVENTY FIVE YEARS! 


The well-known “Elephant” -- mark of a uni- 
formly fine Phosphor Bronze to thousands of 
metal working establishments -- celebrates 
its 75th “BIRTHDAY”! 


The policy pursued for three-quarters of a 
century --“never forget” to keep well ahead 
of the needs of alert, progressive manufactur- 
ing establishments of the country -- is as much 
the policy here today as it was when Grant 
was inaugurated! 











The newest, most efficient equipment -- with 
the added advantage of new minds constant- 
ly searching out technical and organizational 
improvements, is your guarantee of the con- 
tinued high performance and dependability 
of Elephant Brand Phosphor Bronze. 

Write for your copy of the new Technical Data Book 


THE PHOSPHOR BRONZE CORPORATION 
2204 Washington Avenue Philadelphia 46, Pennsylvania 
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Diese! exhaust elbows used on U. S. Navy sub- 
marines illustrate heat resistance of Gray Iron. 


A Wy) Wn A, 


wnen HEAT meets GRAY IRON 


“AV AINGIVIS 


Gray Iron Characteristics 

Include: Every housewife lucky enough to have inherited one of those 
Castability indestructible iron skillets from her mother knows how it has 
Rigidity withstood thousands of heatings without harm. Grate bars, fire 
Low Notch Sensitivity baskets, radiators, stove and furnace parts are other popular gray 
Wear Resistance iron products subject to constant heating and cooling. 
HEAT RESISTANCE In industry, many striking applications can be found. Take 
Corrosion Resistance ingot molds, for example. Resistance to thermal shock, good 
Machinability heat conductivity, low coefficient of expansion and high wear 
Vibration Absorption resistance in the presence of heat are some of the reasons why 
Durability gray iron is used so extensively throughout industry. 
Wide Strength Range Gray Irons are available in a wide range of analyses and pro- 

vide combinations of valuable properties unmatched by any 


a ee t. other material . . . plus ultimate economy. 
“GRAY IRON--Its Mechani- 

cal and Engineering Char- 

acteristics, and Details 


for Designing Cast ; Make It Better With Gray Iron 
Components.” 


GRAY en FOUNDERS SOCIETY, 1 
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How To Cut 
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Squeeze A the “DEAD WEIGHT” out of Your Product 
/ os 


| of ut 
a 
YY You can eliminate the extra tons which add only dead weight to your 
product by using Inland HI-STEEL instead of ordinary structural grade 
carbon steel. HI-STEEL has nearly twice the working strength of ordinary 
structural grade carbon steel, and 50°) greater ability to stand up under 
4240) impact loads. That’s why, with HI-STEEL, it is practical and safe to 


4Gur | reduce sectional thicknesses—cutting your steel tonnage requirements 


approximately 25°°. In addition to its high strength-to-weight ratio, 
HI-STEEL has about five times the atmospheric corrosion resistance of 
ordinary carbon steel and is far more resistant to abrasion. Wrice for book- 
let. Inland Steel Co., 38 S. Dearborn St., Chicago, Ill. Sales Offices: Chica- 
go, Davenport, Detroit, Indianapolis, Kansas City, Milwaukee, New York, 
St. Louis, St. Paul. 


HI-STEEL meets the requirements of SAE Specification 950 
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Reg. U.S. Pat. Off. 


THE LOW-ALLOY HIGH-STRENGTH STEEL 
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METALLURGICAL CONSIDERATIONS IN 





THE APPLICATION OF NUCLEAR ENERGY 





FOR THE PROPULSION OF AIRCRAFT 





ry 
- APPLICATION of atomic 
energy for the propulsion of aircraft promises 
eventually to provide a means for supersonic travel 
over extreme distances without the necessity for 
refueling. It is intriguing to think of the possi- 
bility of flying to any part on the earth’s surface 
and of returning within one day. A. Kalitinsky* 
has pointed out that the application of atomic 
energy to the propulsion of aircraft is dependent 
primarily on the cooperation of the engineer, the 
physicist, and industry in taking an increasingly 
active part in its development. 
Since the atom-bombing of Hiroshima and 
Nagasaki there has been a considerable interest 





The metallurgist has an important job to do 
before atomic energy can be used for the propulsion 
of aircraft. The most obvious need is to develop 
materials that will be serviceable above 2000° F., 
but the problem is complicated by the necessity 
for these materials to satisfy the nuclear require- 
ments for a given atomic plant. Furthermore, the 
power plant must be light enough and small enough 
In this 
article Mr. Koshuba indicates how some of the 


to be contained in a practical aircraft. 


metallurgical considerations will depend on the 


choice of atomic power plant. 








By Walter J. Koshuba 
Head, Materials Section 
NEPA Project 
Oak Ridge, Tenn 





in the application of nuclear energy to the pro- 
duction of useful power by utilization of the vast 
amounts of energy liberated in the fission process. 
In the practical application to produce power, the 
construction of a pile composed of uranium in a 
suitable form, and a moderator such as graphite, 
could be considered. A moderator in the sense 
used here is a material capable of slowing down 
or degrading in energy the neutrons produced in 
a nuclear reactor so that they may be easily 
absorbed by uranium atoms. In the process of 
neutron absorption, fission of the uranium atoms 
takes place with a large release of energy in the 
form of heat. It is this thermal energy resulting 
from fission of the uranium atom that is to be 
harnessed for the production of useful power. 
The use of atomic energy for stationary powe! 
plants has been described by the Atomic Energy 
Commission (see, for instance, Metal Progress tor 
December 1946, p. 1204). 
composed of graphite blocks and uranium rods 


This proposed pile is 


suitably spaced so that the fast neutrons resulting 
from the fission of U**° are slowed down to thermal 
speeds by the graphite moderator. These neutrons 
are in turn absorbed by other U atoms with 
induced fission resulting. The resultant energy 


could be removed as heat by water or a gas by 


*In a talk before the Detroit Chapter of S.A.E., 
Feb. 2, 1948, and the New York Chapter of S.A.E., 
June 16, 1948. 
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means of a heat exchanger. ‘The British in press 
releases (July 7 and 21, 1948) have claimed the 
operation of a 6000-kw. power-producing pile. 
This is a gas-cooled, graphite-moderated pile con- 
taining normal uranium slugs. The slugs are 
suitably canned in a metal container for protec- 
tion against corrosion and escape of fission 
products. 

A.E.C. Commissioner Robert Bacher has cited 
the need for high-temperature piles as a challenge 
to the metallurgist whose development of materials 
for nuclear reactor utilization will have to be pred- 
icated on fulfilling not only conventional engineer- 
ing specifications but also the requirements of 
nuclear physics (see Metal Progress for November 
1947, p. 800). The developments in the field of 
high-temperature materials during the past decade 
have created a considerable interest on the part 
of the power-pile designers in determining the 
adaptability of many of these materials to their 
application in the utilization of nuclear energy 
for the propulsion of aircraft. 


Propulsion Plant Types 


The energy of fission is manifested in the 
form of heat. Therefore, materials problems can 
be stated in terms of the possible types of power 
plants that could be utilized to convert the thermal 
energy into useful power. Four general types of 
thermal power plants will be considered here: 
Steam or mercury turbine, turbo-jet, ram-jet, and 
rocket. These are illustrated schematically on the 
next page 

In the steam or mercury turbine, the problems 
associated with a temperature of 1000° F. and 
stresses of the order of 20,000 psi. for a useful life 
of 10,000 hr. seem to present no problems beyond 
the present boundaries of knowledge. 

The turbo-jet has been developed to a point 
where a considerable number of these power plants 
are operating today. One of the major metallur- 
gical problems in the development of the turbo-jet 
was the turbine blading. In early jet engines 
Stellite 23 (Vitallium) was used to a considerable 
extent in the form of investment castings. This 
alloy, in the form of large turbine blades, is prob- 
ably limited to a maximum temperature of 1200° F. 
in any high-stress application. For a service life 
of approximately 100 hr. in the turbo-supercharger 
application, the small cast turbine blades were 
limited to a metal temperature probably not 
exceeding 1450° F. 

In an effort to raise the operating temperature, 
forged blades of Hastelloy C, Allegheny Ludlum 
S-816. and other alloys were used to extend the 


operating temperature to about 1500°F. There 


are other problems in connection with the jet 
engine that relate to temperature, but the turbine 
blading is representative and probably is one of 
the limiting features of present engines. 

The steam and gas turbines may be consid- 
ered as practical power plants for the application 
of atomic energy to the propulsion of aircraft from 
the point of view of present-day metallurgy. The 
other two types of power plants, namely the ram- 
jet and the rocket, will require more development. 

Kalitinsky has pointed out that, although the 
ram-jet is the simplest type of power plant on 
paper, it may not be the easiest one to develop. 
One consideration is the dissipation of large quan- 
tities of heat, which would require materials pos- 
sessing good heat transfer properties. The ram-jet 
requires air temperatures in excess of those needed 
for the operation of the turbo-jet and probably 
should operate above 3000° F. This would conse- 
quently necessitate exploration of materials suit- 
able for service at these very high temperatures. 

The temperature requirements of a rocket are 
somewhat higher than for the ram-jet, and the 
selection and development of materials for this 
application would be a more difficult problem. A 
propellant such as hydrogen could be used for the 
nuclear rocket, since the specific impulse of hydro- 
gen, defined as the pounds thrust per pound of 
propellant expended per second, compared to water 
vapor at the rocket operating temperatures, is 
greater by a factor of three (Kalitinsky). Since 
combustion of fuel is not required in the nuclear 
rocket reactor, any propellant of low molecular 
weight could be utilized. The materials problems 
associated with the rocket would inherently be 
related to the propellant used. If hydrogen were 
the propellant, there would surely be some 
problems relating to the stability of materials of 
construction 

From this discussion, it is evident that the 
materials used in the application of nuclear energy 
to aircraft would require good mechanical proper- 
ties at the high temperatures, in addition to 
specific nuclear properties. They should also 
possess suitable heat transfer characteristics and 
should be chemically stable in contact with the 
working fluid. 


Temperature Considerations 


Operating temperatures for the specific types 
of power plant were mentioned earlier. In ordet 
to define more clearly the materials problem, the 
operating temperatures should be examined in 
greater detail. If a turbo-jet operates in the tem- 
perature range of 1200 to 1800° F. it is evident that 
the nuclear reactor, which is essentially a heat 
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exchanger, must operate at a higher temperature. 
Therefore, the walls of the reactor must be at some 
temperature higher than the turbine inlet tempera- 
ture so that the heat transfer from the reactor to 
the air is of sufficient magnitude to heat the air 
to the temperature required in the turbine. 
This might involve temperatures in excess 


would be very low at the elevated temperatures, 
and it would have to be embodied in a membet 
which would be able to carry the stresses imposed 
by the application; (b) it would be necessary to 
contain the radioactive products released in the 
fission process; and (c) it would be neces 
sary to prevent corrosion of the uranium 





of 2000°F. in the nuclear reactor, and 
clearly extends into unexplored fields of 
metallurgy. It is well known that the 


by the working fluid. 
In addition, the can would have to 
resist natural diffusion of the uranium 





metals available today for service at ele- 


att hae 


* Compressor 


vated temperature cannot be 
used above 2000° F. under any 





reasonable stresses. For appli- 


through the wall of the can. Whether this 
would be solid-solid or liquid- 
solid diffusion would depend on 





the operating temperature of the 





cations involving higher tem- 





peratures, a new approach in 
the field of high-temperature 
materials is necessary. 


en 


Several possibilities could 


Turbo-Jet 


nuclear reactor. Diffusion rates 





increase exponentially as a 
function of temperature. There- 
fore, careful studies along these 





be considered for intensive 
study: refractory metals, metal 
carbides, nitrides, ceramics 


o 
- Reactor —» 





lines would be required for a 
pile utilizing metallic uranium 
For nuclear reactors re- 





quiring a temperature above 





refractory oxides), and metal- 
ceramic combinations (the so- 
called cermets or ceramals). 
These materials could be Propellant 
used in the form of homoge- 


neous bodies or as coatings for 





less resistant bodies. In some 
uses the desired coatings might 
have to be good thermal con- 


Ram-Jet 


the melting point of uranium, 
the uranium could be intro- 
duced into the pile in the form 





pee | 


Reoctor 


Rocket 





of one of the compounds (non- 





metallic or intermetallic) which 
would be stable under the 
Should 
the uranium compound be un- 











operating conditions 


stable under the operating con- 





ductors; this would extend the 
present field of coating appli- 
cations which primarily em- 


ditions of the pile, a can could 


TT . ‘ ‘ P Ty i > . ‘ ’ 
Reactor serve as a protective coating 


for the material. In this appli- 





phasize the thermal insulating 
types. All these possibilities 
are being explored by various 


cation thermally conducting 
coatings would be very desir- 
able. Thermal energy released 





governmental agencies and pri- 
vate laboratories in connection 
with the chemically fueled air- 
cratt-propulsion plants men- 
tioned earlier. From studies of 





current technical publications, 


Closed-Cycle Turbine 





in the fission process from the 
nuclear reactor must be re- 
moved, and this heat would 
have to be conducted through 
the thickness of the coating 
From this it is evident that 





it is clearly evident that a con- 
siderable research effort must 
be expended in this direction 
during the next few years. 
Some piles mentioned in 


Four Types of Thermal 
Power Plants That Could 
Be Used in Conjunction 
With a Nuclear Reactor 


there could be an application 
for coatings that are good ther- 
mal conductors 


Thermal Stresses 





the open literature, such as the 
Brookhaven pile and the British 
power pile, are composed of graphite and suitably 
canned uranium metal. In a high-temperature pile 
the use of metallic uranium may be impossible 
because of the relatively low melting point of this 
metal. If uranium metal were used at these high 
temperatures, it would have to be canned for three 
reasons a’ The strength of the uranium metal 


Thermal stresses are those 
caused by a change of temperature, as when a 
bar prevented from expanding is heated. The 


thermal stress problem in nuclear power plants 


is created by the desire to extract the maximum: 
amount of power from the smallest possible 
nuclear reactor. This is dictated by the fact that 
the entire power plant must be light enough and 
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small enough to be carried in an airplane. For 
a given temperature difference, thermal stress is 
a function of the following factors: 


; E 
S~ ( : = ) (Wh) 
Kol o) 


where S = thermai stress, A = thermal conductiv- 


ity, E = Young’s modulus, a = thermal expansion, 
W = power production (in Btu. per cu.in. per sec.), 
h=the “shape factor’, and o = Poisson’s ratio. 

It is apparent that in order to minimize the 
problem of thermal stress the materials of a 
nuclear power plant must possess a low modulus 
of elasticity and coefficient of expansion. The 
materials must also have good thermal conductivi- 
ties. The shape factor must also be considered, as 
the geometry of the individual fuel elements could 
have a greater influence on the thermal stress than 
the physical and mechanical properties of the 
construction materials. 


Size Limitation 


In the application of the nuclear reactor to 
aireraft there is a size limitation which has been 
discussed previously. The recently announced 
Brookhaven pile installation, while an interesting 
scientific tool, seems too large, because of the bulk 
of shielding required. An airborne shield probably 
should not be built from a mass of concrete, 
because the volume required could be prohibitive. 
The total diameter of the nuclear power plant in 
terms of present airplanes might be compared to 
the maximum cross section of the fuselage of the 
B-36, which is one of the largest known airplanes 
in existence at this time. 


Nuclear Considerations in the 
Selection of Materials 


However difficult the problem may appear 
from the point of view of high-temperature metal- 
lurgy and thermal stresses, it is complicated 
further by the addition of nuclear specifications 
for the materials in nuclear-propelled aireraft. 

The required condition in the nuclear reactor 
is one where the neutrons are absorbed by the 
uranium atoms and cause fission, with the attend- 
ant liberation of additional neutrons. In order to 
sustain the chain reaction, the reproduction con- 
stant & must equal 1. Constant k is defined as the 
ratio of neutrons in one generation to the neutrons 
of the preceding generation. If & is less than 1, 
the chain reaction will not be able to sustain itself. 
It is in this interest that the selection of materials 
is important. The materials in the chain-reacting 
system must not capture parasitically an excessive 


number of neutrons. Many materials that do not 
contribute to the fission process absorb neutrons 
and emit gamma rays that do not enter into the 
production of additional neutrons. 

Generally speaking, the nuclei which have the 
best effect on neutron economy appear in the first 
part of the periodic chart of the elements. Notable 
among these are beryllium and carbon. Their 
absorption cross sections (a quantity which meas- 
ures the probability of capture and is expressed as 
an effective target area) for thermal (slow) neu- 
trons are 0.009 and 0.0045 barns respectively, 
according to Goodman.* 
10-4 sq.em.) 


(One barn is equal to 
Nuclei that have very large thermal 
absorption cross sections are, for example, ,Li® 
with a cross section of 900 barns, and .B' with a 
cross section of 3000 barns.+ For fast neutrons 
There is 
little difference in absorption cross sections 


the situation is considerably different. 


between the various elements at energies of several 
Mev. The absorption cross sections for fast neu- 
trons of beryllium and carbon are 1.6 barns, and 
for .Li® and .B" the cross sections are 1.8 barns.? 

It is readily seen that, if the design of the 
nuclear reactor is predicated on neutron economy, 
that is, on the use of a minimum amount of 
uranium, the list of materials available for the 
construction of the nuclear reactor will be restricted 
to a very small number of elements. Conversely, 
if neutron economy is not the limiting factor in 
design, choice of materials will be rather wide. 


Shielding 


A new concept in the selection of materials 
for engineering service has been introduced. Mate- 
rials for nuclear reactors must be selected on the 
basis of nuclear properties as well as engineering 
properties. Another consequence of nuclear reac- 
tion is the necessity for shielding. 

The primary function of the shield is to pro- 
tect the operating personnel and the instrumenta- 
tion of an aireraft from the destructive radiation 
emitted by the reactor. This radiation is of two 
kinds: neutrons and gamma rays. Both may be 
eliminated by degradation in energy followed by 
absorption. However, whereas the removal of 
neutrons is most effectively accomplished by light 
elements, the absorption of gamma rays requires 
materials of high density. Furthermore, since the 
absorption of neutrons is generally accompanied 
by the emission of secondary gamma photons, it 
is clear that shield design is a complex problem. 

«Science and Energy of Nuclear Power”, Addi 
son-Wesley Press, Cambridge, Mass., 1947, p. 291. 

H. A. Bethe, Review of Modern Physics, Vol. 9, 
April 1937, p. 151. 
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Irradiation Effects 


In conjunction with the previously mentioned 
investigations at elevated temperatures, studies 
relating to the stability of materials under condi- 
tions of irradiation by high neutron fluxes expected 
in the reactor are a specific requirement. From 
the work of Wigner, Burton, Seitz, and others, it 
is known that a discomposition of solids takes 
place under conditions of irradiation by protons 
and neutrons. In organic materials, this is mani- 
fested by rupture of the molecular bonds with the 
resultant change in the nature of the transformed 
material. This reaction, causing the dislocation 
of the atoms and breaking of bonds in the molec- 
ular structure, produces changes in properties 
because of the internal disarrangement. A com- 
parison of this reaction in 
solids to the one which most 
metallurgists are familiar 
with, the cold working of 
austenitic steel, can be made. 

In the cold working proc- 
ess, there is introduced an 
internal disarrangement of 
the atoms within the crystal 
structure; the metal is plas- 
tically strained. The existence 
of this material at a higher 
potential energy manifests it- 
self by a corresponding change 
in the engineering properties 
of the material, such as the 
tensile strength, modulus of 
elasticity, thermal conductivity, and electrical con- 
ductivity. It might also be compared to the order- 
disorder reaction that takes place in certain alloys, 
for instance AuCu,, where the reaction causes 
changes in the above-mentioned properties. 

In these two phenomena, thermal agitation of 
the atoms is generally sufficient to anneal out 
induced strains in the cold worked metal, and to 
restore order in the disordered crystal with the 
attendant changes in the engineering properties 
cited above. Inasmuch as the exposure of the 
atoms to thermal excitation in the two previously 
mentioned reactions causes a change in engineer- 
ing properties, it is logical to assume that the 
thermal excitation of the atoms in a material 
subjected to irradiation will also produce changes.* 
Therefore, a prediction of the life expectancy of 
the nuclear reactor would be a practical impos- 
sibility without a correlation of data for irradiated 
and unirradiated conditions of a given material, 
in the operational temperature ranges. If we 
assume that the irradiation-produced disarrange- 


ment is cumulative, then it is reasonable to expect 
that this could have some decided effect on the 
life expectancy of a nuclear reactor. 


Evaluation of Properties of Materials 


The materials problems associated with the 
aircraft nuclear power plant have been discussed 
at length. The evaluation of materials developed 
as a result of the aircraft application studies poses 
another problem in terms of the engineering tests 
that must be performed on the materials selected 
for possible use. 

For reactor temperatures below 1800° F., the 
problems in carrying out engineering and physico- 
chemical tests can be solved by ordinary tech- 
niques. If studies are required for temperatures 
above this range, and particularly above 2000° F 

new equipment must be de- 
signed, and new techniques 
for determining these proper- 
ties must be developed. 

Few tests have been con- 
ducted on materials above 
2000° F.; the data accumulated 
on engineering and other 
properties are fragmentary. 
Practically no data exist for 
materials tested in the range 
above that measured by the 
platinum, platinum-rhodium 
thermocouple. Furthermore, 
the measurement of tempera- 
ture above this range in engi- 
neering testing equipment is 

in the early stages of development. In the next 
few vears thermocouples will be developed capable 
of measuring these higher temperatures, possibly 
up to 3500° F., which may be a prime requisite for 
some types of property measurements, particularly 
for rocket applications. Of course, optical and 
radiation pyrometers can sometimes be used, but 
they are by no means universal instruments, 
particularly where the temperature measurements 
must be made in inaccessible locations. 


*Epiron’s Nore F. R. N. Nabarro has discussed 
the theory of the creep of metals under neutron bom- 
bardment (“Report of a Conference on Strength of 
Solids”; London: The Physical Society; 1948; p. 85). 
He says, in part: “A soft pure metal should become 
hard after bombardment. On the other hand, if the 
material is hardened by precipitation or by cold work, 
neutron bombardment is likely to accelerate its soften 
ing, and the final result of these opposing tendencies 
is not clear. Even though metal removed from a pile 
may be very hard, it may still creep under moderate 
stresses while under bombardment, because the regions 
of internal stress are continually shifting.” 
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In connection with the problem of tempera- 
ture measurement, there is also the difficulty of 
developing an instrument sensitive enough to 
obtain close control over a wide temperature 
range. The following example is illustrative: 

The study of deformation rates of reactor 
materials at very high temperatures is indicated 
as necessary. It is generally known that deforma- 
tion rates of materials will vary as an exponential 
function of the temperature. Therefore, for rather 
small increases in temperature there may be large 
increases in deformation rates beyond some thresh- 
old temperature. If such phenomena occur, it 
would be possible to obtain an erroneous conclu- 
sion from experimental data, where the tempera- 
tures were not accurately known. 

Of course, as the temperature is increased, 
the inherent life of the reactor must be decreased, 
or the stresses must be lowered appreciably from 
present-day design concepts. Instead of determin- 
ing creep rates to 0.0001 per hr., values of 0.01% 
or more per hr. may be adequate. For the extreme 
temperatures, knowledge of the conditions under 
which the deformation phenomena take place in a 
given material may suflice. 

X-ray and electron diffraction studies of mate- 
rials at very high temperatures can furnish clues 
as to the behavior and stability of the various 
phases in a given material. Limited studies of this 
type have been conducted under government spon- 
sorship over the past few years and these studies 
will no doubt reveal many interesting data. The 
correlation of these various types of data with 
respect to the expected operating conditions may 
permit prediction of life expectancy of an airborne 
nuclear power plant or may reveal tendencies for 
premature failures. 

Other property evaluations could be discussed, 
but those mentioned illustrate the problem. 


Summary 


The problems involved in the application ot 
nuclear power to aircraft propulsion may be sum- 
marized as follows: 

1. The choice of the type of aircraft propul- 
sion plant will influence the selection of materials. 

2. The engineering and physico-chemical 
properties of materials above the range of tempera- 
tures in common use must be determined, studied, 
and correlated. 

3. The selection of materials must satisfy the 
nuclear requirements for a given service applica- 
tion of the aircraft atomic plant. 

1. The weight of the complete power plant 
must be sufficiently low to permit its use in a 
practical aireraft (=) 





DEFORMATION PHENOMENA ON 





A CLEAVAGE FACET OF IRON 





By C. A. Zapffe and C. O. Worden 


Baltimore 


URING a detailed fractographic study* of iron, 

progressive changes in cleavage pattern were 
observed as the metal was plastically deformed. 
A specimen of Armco ingot iron 4%x%x1 in. was 
cut from hot rolled plate, annealed at 1250° C. for 
2 hr. and furnace cooled to provide a favorable 
grain size, then embrittled by pickling for 40 min 
in 10% sulphuric acid at 90°C., notched with a 
file, and fractured with a hammer blow. 

In the upper fractograph on the opposite page 
the cleavage surface of a single grain is shown, 
as fractured, at 200x. The pattern is strongly 
crystallographic, characteristic of the action of 
hydrogen embrittlement. Angles in_ principal 
evidence are 90°, with some lighter traces at 45° 
If the plane of the figure is (001), the rectilinear 
markings are consistent with intersecting (100) 
and (010) cleavages; however, both the rectilinear 
and 45° traces may express other activity, and on 
another family of planes. 

With the position of this particular facet care- 
fully noted, the specimen was fastened in a small 
vise; and a fine-pointed punch placed about in. 
to the side was driven against the grain from a 
position at the upper left of the field of the 
fractograph. The specimen was then replaced in 
the fractographic stage, oriented exactly as before, 
and photographed at the same magnification to 
provide the picture in the center of the engraving 
Once again the specimen was removed, deformed 
further with the same tool applied at the same 
point, and the third fractograph was taken, appear- 
ing at the bottom of the accompanying plate. By 
this means, changes in the cleavage pattern were 
followed as the iron was deformed. 

Perhaps most outstanding is the development 
of voids caused by small blocks of metal appar- 
ently foreed out of the cleavage surface by the 
compression. This is most noticeable when the 
upper right-hand rectangular section of the field 
is observed in successive fractographs, from top 
to bottom. Elsewhere on the upper fractograph, 
arrows marked V (for void) indicate clear areas 


*Sponsored by the Office of Naval Research. 


Vetal Progress; Page 640 





ia / aaa 
where voids subsequently eS . - es 
form. Many other similar, 


f 7 4 nl : - . ; « = 
but unmarked, areas can roe eat = —> J ng ; - 7% Fj 
be found. The formation —— 
- ~ ~. < = —— 
of these voids is believed ‘ - = , ~ ‘ > 
to be related to, or at = - . - * wo —— 
least aggravated by, the 
planar-pressure activity 
of hydrogen (see Metal 
Progress for June 1948), 
wherein high pressures 
of the occluded gas liter- 7 ee > za = 
ally blast away overlying : ; - js ' ~ a = 
scale, enamel or, here, 
blocks of the iron. 


Certain undeveloped 

























: * > —— ons be wy os = 
zones in the upper fracto- eS ~ 
graph that later seat a 4 = “—¢ * 
large proportion of the 7 ae 
“ s - ~ Pe 7 
» - ‘ are ws > 6 = 2 ~ ; . 
deformation are indicated ; . ~— uf A 
”v a sig vi gp: vener: -: - . Pi . * = - ¢; Ded 
by F, gnifying a general YS L-: Wide we, Ff: BUSS ne: Are 
faulting. It has not been a OS rene Oe ; > 4 SF “ Md se , 
: —— eS me ls Bt te. ha OT er « 
determined whether these =") NS RS ee. x 5 se ag ZX | Wg ra IF 
a es Os eatin “ Z, Fl he ry 
faults represent cleavage, J ey oe oem th fe Po ares, hk uch s <n e . 
; ecthie oe ; ; Se i Qe: e ~ LT eZ. 4) eh a a 
slip, or twinning. Three yey AYE ~< es SE ee my . 
; OO ATP Oe ie : 
of these F markings have ~ Be a a. 
. * . Se 7 it - 
a visible trace in the = — a te, aon — ¢ 
upper figure; one has > ee = font OS : “A : 
. d Bad c Seat at . p=. a >? ~= ~~ ~~ af a = nw 
none; and the one indi- oe ne ed ta of 
. ex < SoeS ry ail 
sear TED Bee aS “ ye 7 
‘ated by FV shows where ; . mg ~eerg = Poa> A 
: . Pa? “f : 3 x - ’ mga ae " om ; 
a void accompanied the ei mse : ; . 
a “J el 


further development of 
the trace. This latter 
trace crosses other heavy 
markings in the lower 
figure, and these heavy 
markings have been badly 
distorted. One position 
in the upper figure is 
marked S, because it may 
be a zone of slip. The 
lamellar detail of this 
area is more pronounced 
in the lower figure. 
Careful study will 
disclose other changes in 
structural features not 
designated; the upper 
fractograph in itself 
displays crystallographic 





markings, evidence otf 
block and lamellar con- 
stitution, lineage patterns, 
and intragranular gas 
holes. These features will 
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Biological Warfare 


( N MARCH 12, the Secretary of Defense issued 
a 1500-word statement concerning biological 
warfare. The following is an extract from Mr. For 
restal’s statement: 

It is the responsibility of the Armed Forces of 
a democratic nation to inform the public of their 
activities as far as it Is with national 
security. With this responsibility in view, the War 
Department on Jan. 3, 1946, released a report by 
George W. Merck about the combined efforts of 
American scientists and industry working with the 
Armed Forces, and in cooperation with agencies of 
our Allies, to develop means for defense against 
possible enemy attacks by biological warfare.* The 
announcement was followed by a number of unof 
ficial articles in and magazines, and 
the subjeet was also discussed in radio broadcasts. 
A great deal of this 
inaccurate and unduly spectacular 

For example, it has been stated that a single 
plane with a small bomb filled with a_ biological 
agent would be capable of wiping out the popula 
tion of an entire city with a single blow. Such a 
statement is not in accord with the facts as we know 
them today. Another stated that one ounce of a 
particular biological material would be sufficient to 
kill 200,000,000 people. The facts are that it is 
impossible to spread an ounce of any kind of mate 


consistent 


newspapers 


discussion Was extravagant. 


rial for the purposes of warfare in such a manner 
as to affect even a small percentage of such a tre 
mendous number of persons. One article stated that 
biological warfare makes it possible to kill the inhabi 
tants of an entire continent very quickly. Another 
stated that it would be a simple matter to spread 
plague in the United States. Such claims are 
tastic and fact. 

Many articles have described biological warfare 
terrible than the atomic bomb. The fact is 
that these two weapons differ from one another so 
basically that a direct meaningless. 
The atomic bomb destroys not only life but also 
buildings and other structures, and is in that respect 
similar to high explosives 


*Mr. Merck also presented this information to the 
George Westinghouse Centennial Celebration (see Metal 
Progress, June 1946, p. 1208). He there listed the “chief 
accomplishments” : 

Development of methods and facilities for the 
mass production of numbers of virulent micro-organisms, 
and the discovery of means for protecting men, animals 
and plants from them. 

2. Development of methods for rapid, accurate de 
tection of minute quantities of disease-producing agents. 

4. Study of air-borne disease-producers. 

4. For the first time a pure, crystalline, bacterial 
toxin was isolated and studied the toxin of clostridium 
botulinum, the most potent biological poison known. 

5. Development of vaccines to protect’ chickens 
against two highly fatal diseases “Newcastle disease” 
and “fowl plague”. 

6. A successful vaccine against “rinderpest”, a 
highly fatal disease of cattle, capable of being produced 
in huge quantities. It is already available for countries 
where this disease has been a crippling plague of 
livestock. 
7. Intensive study of fungus, 
diseases of crop plants, and their 


fan 
have no basis in 


as more 


comparison 1s 


in addition, atomic radia 


bacterial and 


control. 


virus 


in the Atomic Age 


tion may persist indefinitely in contaminated areas 
and produce serious effects on living matter. Bio 
logical warfare agents, on the other hand, affect 
only living matter, do not destroy material struc 
tures and, in most cases, are nonpersistent. 

Actually, large-scale biological warfare 
never been used by any nation. Our research indi 
cated, however, that germs or their poisonous prod 
ucts could be used effectively as weapons of war 
It was also realized from the results of this war 
time research that work in this field could not be 
neglected in time of peace and had to be continued 
on a sufficient scale to provide us with adequate 
defenses and to enable us to utilize this weapon in 
the future should it become necessary. 

In biological warfare, either epidemic disease 
one that is easily and rapidly spread from person 
to person, animal to animal, or plant to plant) or 
non-epidemic largely restricted to those 
directly exposed to the germs as they were dis 
tributed during an attack) might be used. In 
epidemic diseases of man_ the governing 
spread are not completely understood, and not all 
are controllable; hence, it is not at all certain that 
an epidemic of significant proportions could be pro 
duced at will. Even if an epidemic were started, 
adequate publie health and sanitation measures and 
proper treatment methods promptly instituted would 
tend to limit the spread and minimize the effects. 


has 


disease 


factors 


The distribution of non e pide mic disease producing 
agents and toxins would have to be very widespread 
to have a decisive effect. 

It should be appre ated that an important 
defense against biological warfare lies in the early 
identification of diseases implanted and prompt insti 
tution of appropriate countermeasures to prevent 
further spread and to restore the health of those 
affected. that extensive prepara 
tion measures must be made in 


But it is obvious 

for such defensive 

advance of an attack. 
During 


agencies are concerned 


various governmental 
vith the natural 
outbreaks of disease, not only in our population but 
our crops and animals. To this end th 
Public Health Service, the Department of 
Agriculture, other Federal and many State and 
Municipal agencies are always on the alert. If a 
biological attack were made, the above agencies, in 
addition to the Armed Forces, would play an impor 
tant role in counteracting the implantation and 
Our food supplies would be par 
ticularly vulnerable to attack by saboteurs with bio 
logical We must, therefore, rely on the 
maintenance of our high standards of publie health 
and sanitation, and on our protective measures for 


times of peace 


control of 


also in 


l Ss 


spread of disease, 


weapons, 


animals and crops as our first line of d 
any biological warfare attack 

Appropriate steps are being taken to insure 
coordination of the activities of 
agencies. In addition, an active research program 
on biological warfare including methods for the pre 
vention and treatment of which might be 
caused by such warfare is being conducted 


avainst 
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MECHANICAL PROPERTIES 





OF STAINLESS STEELS AT 





SUBZERO TEMPERATURES 





~ 

Sranuees STEELS are being 
used more widely than ever in industrial processes 
operating at very low temperatures, handling and 
storing of liquefied gases, outdoor applications, in 
extremely cold climates and at high altitudes. 
\s a result there has been an increasing interest 
in the mechanical properties of these alloys at 
subzero temperatures. 

In order to obtain further data on this sub- 
ject, a project was carried out at the Research 
Laboratories, Armco Steel Corp., Baltimore, to 
determine the low-temperature mechanical prop- 
erties of a number of the standard grades of 
stainless steel. Values were obtained for tensile 


strength, vield strength at 0.2 permanent strain, 





Ten of the more common stainless steels 
have been tested at subzero temperatures down to 
—320° F. 


higher Izod impact strength at low’ tempera- 


The austenitic grades have slightly 


ture than at 70° F. Ferritic and martensitic steels 
have low impact strength below 0° F. All grades 
show increased tensile strength at subzero tempera- 


tures, with more or less decrease in ductility. 
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proof stress at 0.01 permanent strain, percent- 
age reduction of area, percentage elongation in 
2 in., and notch-impact properties at temperatures 
from +212 to —320°F. Two of the steels (301 
and 410) were tested in different conditions of 
heat treatment or cold work. 

Most of the published data concerning the 
properties of the common stainless steels at sub- 
zero temperatures are confined to measurements 
of notch-impact strength. Where tensile proper- 
ties are included, they are often given only for a 
single subzero temperature. Few attempts have 
been made to study comprehensively the effect of 
temperature on the mechanical properties over 
any appreciable range. 

H. W. Gillett! has presented a summary report 
of data available before 1941 concerning impact 
resistance and tensile properties of metals at sub- 
atmospheric temperatures. Included in his report 
were some results indicating that the commercial 
austenitic stainless steels are as good in their 
combination of strength and toughness at sub- 
normal temperatures as at room temperature. 

A paper presented before the 1948 @ con- 
vention by McAdam, Geil and Cromwell? describes 


iLiterature references are on p. 648. 
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a study of the influence of low temperatures on 
the mechanical properties of six modifications ot 
18-8 chromium-nickel The plastic defor- 
mation of the metastable austenitic alloys is 
believed to cause a phase change that hardens the 
alloy, and the rapidity of this 
with in 
change in structure during a 


steels. 


transformation 
The 


alters 


increases decrease temperature. 
tensile test 
the shape of the stress-strain curve.* 

the 


metals, 


and 
including 
alloys of the 18-8 type, at temperatures down to 
—108° F. None of the properties of any of the 
materials tested was adversely affected by low 


Rosenberg*® studied tensile impact 


properties of aircraft various 


temperatures, with the exception of the impact 
resistance of the ferritic steels. 


Steels Tested 


The most widely used of the standard grades 


of stainless steel were tested, with particular 
emphasis on the austenitic grades. Several differ- 
ent heats of each grade were used in this work; 
each was within the chemical composition limits 
of its A.L.S.I. type number. Average compositions, 
the conditions of heat treatment, and the Brinell 
hardness numbers before tensile testing are listed 
in Table I. 

The chromium-nickel types have the highest 
corrosion resistance of all the stainless steels, as 
With 
the exception of certain newly developed grades 


well as unusually fine mechanical properties. 


Table I— Average Compositions and Conditions of Stainless Steels Tested 





A.LS.1. 
TYPE 


BrRiNELL 


Hear TREATMENT 
HARDNESS 


CONDITION 


410 


Hardened and 1800° F. % hr. OQ 4 
stress relieved 600° F. 4 hr. AC 
Hardened and 1800° F. % hr. OQ + 
tempered 1150° F. 4 hr. AC 
Annealed 1450° F.4 hr. WQ 
Annealed 1950° F. ‘6 hr. WO 
Annealed and = 1950° F. ‘2 hr. WQ 
cold drawn +14% CD 
Annealed 1950° F. 42 hr. WQ 
Annealed 1950° F. ‘2 hr. WQ 
Annealed 1950° F. 2 hr. WQ 
F 
I 
I 
I 


360 


410 241 
430 
301 
301 


160 
166 
281 


302 
303-S 
303-Se 
304 
316 
321 
347 


156 
156 
153 
156 
140 
144 
156 


Annealed 1950° F. ‘2 hr. WQ 
Annealed 1950° F. 42 hr. WQ 
Annealed 1950° F. 4 hr. WQ 
Annealed 1950° F. ‘2 hr. WQ 





0.10 


0.10 


0.08 
0.10 
0.10 


0.09 
0.07 
0.08 
0.06 
0.06 
0.06 
0.06 


AVERAGE COMPOSITION 


P S Si Cr 


NI OTHERS 


0.016 0.022 0.32 12.3 0.20 


0.016 0.022 0.32 12.3 
0.023 
0.030 


0.030 


0.013 
0.022 
0.022 


0.40 
0.48 
0.48 


0.026 
0.033 
0.14 

0.024 
0.025 
0.028 
0.019 


0.017 
0.28 

0.019 
0.013 
0.020 
0.012 
0.016 


0.45 
0.38 
0.58 
0.50 
0.50 
0.60 
0.60 


18.3 
18.4 
18.4 
17.8 
18.2 
18.8 


0.34 Se 
2.30 Mo 
0.37 Ti 
0.82 Cb 








Zambrow and Fontana? reported the mechan- 
ical properties of aircraft alloys at very low tem- 
Included in 
stainless Type 304, both annealed and cold drawn, 
and Type 322, age hardened to 188,000 psi. tensile 


peratures. this work are values for 


strength. Type 304 exhibits superior low-temper- 
ature properties but Type 322 loses a considerable 
ot al 
temperatures, 

According to Thum® and Kinzel and Franks® 
austenitic 


amount its impact resistance very low 


the 
and have considerably greater tensile strength at 


18-8 steels retain their toughness 


very low temperatures than at room temperature. 


*Epiron’s Nort rhe magnetic measurements of 
K. Mathieu (Archiv fir das Eisenhiittenwesen, Vol. 19, 
1948, p. 169) indicate that the y ~ a transformation 
during tensile testing of 18-8 at low temperature is 
closely connected with the flowing of the test 
specimen. Mathieu explains the elongation behavior 
of austenitic by an deformability at 
the moment of the phase transformation. 


steel 


steels increased 


commonly referred to as precipitation hardening 
alloys, they cannot be hardened by heat treatment 
High 


developed 


tensile strength and hardness values 


cold 
nickel austenitic steels are 


are 
chromium- 
4.1.8.1. 


These 
included in the 


by working. 
300 series. 

Type 301 is an austenitic alloy noted partic- 
ularly for its high work hardening capacity. Type 
302 is the most widely used of all the stainless 
grades and approaches nearest to being an all 
purpose stainless steel; this is the widely known 
18-8 grade. Type 304 is similar except that the 
carbon content is held to a designated low value 
to minimize the possibility of carbide precipitation. 
Type 303 is again the 18-8 alloy, but has added 
sulphur, to 
Type 316 represents an alloy with 


selenium or phosphorus improve 
machinability. 
improved corrosion resistance over the 18-8 types 
through the addition of molybdenum. 


and 347 (the 


Types 321 


“stabilized” grades) are designed to 
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eliminate intergranular corrosion by the preven- 
tion of harmful carbide precipitation. Type 321 
contains titanium in an amount greater than five 
times the carbon content, and Type 347 contains 
columbium in an amount greater than ten times 
the carbon content. 

Type 430 is a representative member of the 
ferritic chromium stainless steels. The alloys in 
this group cannot be hardened to any appreciable 
extent. They are generally used in the annealed 
condition. 

Type 410 is typical of the martensitic or 
hardenable grades of chromium stainless steels. It 
can be hardened by heating above the critical 
temperature and rapidly cooling in air or oil. A 
wide range of mechanical properties can be 
obtained by proper hardening and tempering 


procedures. 


Testing Methods 


Tensile tests were performed with the speci- 
men surrounded by a circulating coolant in an 
insulated tank. Each specimen was allowed to 
remain in the coolant 15 min. before the test was 
started. Specially designed adapters were used in 
conjunction with a Templin-type stress-strain 
recorder for obtaining load-elongation data during 
the progress of the test. Duplicate tests were run 
on one heat of each composition. Each value 
reported is an average of two tests. 

Tests were performed at room temperature, 
+32, —40, —80 and —320° F. The +32° F. temper- 
ature was obtained with a mixture of water and 
ice; the temperatures of —40 and —80° F. were 
obtained with mixtures of acetone and dry ice 

solid CO,): and —320° F. was obtained with boil 
80° F. 
were measured by means of a toluol thermometer 


ing nitrogen. Bath temperatures down to 


and the temperature of the liquid nitrogen was 
checked with a pentane thermometer. In a num- 
ber of tests the temperature of the specimen itself 
was carefully measured by means of calibrated 
copper-constantan thermocouples and found to 
correspond closely with that of the bath temper- 
ature determined thermometrically. The bath was 
kept circulating by means of an electrically driven 
stirrer. A cooling medium at room temperature 
was used in some tests to minimize the temper- 
ature effect caused by the heating of the specimen 
during the test. For some of the steels the range 
of testing temperatures was extended up to 212° F. 
by using boiling water as a temperature-controlling 
medium. 

Because the rate of straining may markedly 
affect tensile properties, particularly those of the 
austenitic stainless steels, this factor was carefully 


controlled. All specimens were pulled at a strain 
rate of approximately 0.01 in. per in. per min. up 
to a strain of about 0.4%, 
extensometer was removed. 


where the recording 

Beyond this strain 
and up to the point of failure the head speed was 
controlled at 0.4 in. per min., using a Baldwin- 
Southwark ram pacer. 

Izod impact tests were made on standard 
duplicate V-notch bars using a Riehle testing 
machine of 220 ft-lb. capacity. The temperatures 
selected were 212° F., room temperature, 0, —20, 

10, —60, —80 and —100° F. Careful preliminary 
tests were conducted to determine the variation 
in temperature which occurred in the time inter- 
val between the removal of a specimen from the 
constant temperature bath and the moment when it 
was broken. These tests showed that the tempera- 
ture at the time the specimen broke was within 
<3" F. of the bath temperature. Specimens were 
held at temperature for at least 15 min. before 
they were tested. 

Quintuplicate tests were made on two heats 
of each grade except Type 410, for which only one 
heat was included. In presenting the data graph- 
ically a curve has been drawn through the average 
values. Because, at some temperatures, the results 
were fairly widely scattered, a vertical bar has 
been drawn at each temperature to show the 
spread of the data. 


Discussion and Interpretation of Results 


The results of the tensile and impact tests on 
the alloys investigated are shown in the graphs 
on p. 646 and 647. In general, the mechanical 
properties of the austenitic stainless steels are 
excellent, even at very low temperatures. In every 
steel the tensile strength increases rapidly with 
decreasing temperature. On the other hand, the 
proof stress and yield strength are substantially 
unaffected, usually becoming slightly higher from 
room temperature down to —320° F. 

The marked effect of low temperatures in 
augmenting the tensile strength of the austenitic 
stainless steels has been attributed by McAdam, 
Geil and Cromwell? to the increased instability of 
the alloys, resulting in a much higher rate of work 
hardening at subatmospheric temperatures. This 
concept is further substantiaced in the present 
work by the fact that the alloys, such as Type 301, 
which are most unstable and work harden most 
rapidly at room temperatures show the greatest 
increase in tensile strength as the temperature is 
lowered. The more stable alloys of higher nickel 
content, such as Types 316, 321 and 347, show a 
more moderate gain in tensile strength at lower 
temperatures. 


May, 1949; Page 645 





Stress, 1000 Psi 


80 
60 


the 


gradually 








, = Tensile Strength 


Tested in Liquid 


7ype 4/0 
« Jested in Air 


12% Ha 10% C 
Hardened and 
7empered 


- — — soni - 
— es 
+ Re ——E 
+(-a2 % Yield Strength= 


~ Q0/ % Proof Stress 


T ell 
Lp 4 1 i 
Reduction of Area 


cblongation in 2 In 


yt e 410 
T . T 010% C 
i eg? and Stress 
+ ——-__, Helieved 


U/timate Tensile 
Strength — 


ie, 


‘02% Yield Strength thf 
| G0! % Proof Stress 


Tested in Liquid . 
e Jested in Air 


oe 


Reduction of Area 

Elongation in 2 In 
a ct oe 
TT /zod impact + 


at + + 











40\- 
20r 
0 


-300 -200 


The 


slightly to 
and 
strength is almost 


In 


affected down to 


to 


strengths fall to low 


5 8S 


A 
S 


S 


a 


V 


-/00 (00 +200 


The effect of decreasing temperatures upon a 
ferritic 
is shown in the 
results differ 


17° 
markedly from those 
ustenitic grades. 
through 
strength 
80° F. 
320° F., at 


the range 


vield and proof 
which 


as great as the 
manner, the 
80° F., but drop 
at 320° F. 


values below 


similar 


ery low values 


-300 -200 


chromium stainless steel 
right-hand diagram 
obtained with 
The tensile strength increases 
+212 
stress 
and substantially 
temperature 

tensile 
ductility values 


ral Inn 


100 


-100 
Temperature, F 


200 


The 
tensile 
12° 
left 
& 
ditions. 
the 


effect 
130) and 


The 


Type 


above. 


to 320° F. 
increase 
between —80 
the yield 
strength. 


responding 
Reduction of 
not 


are quite 


precipitously stantial 


Izod impact general effect 


shift the 


| [83 


| 

| 

| 

} 

1 

| 

4 

} 

| 

| | 

1} ie 

t 
ca 7 

s..t1 i | 


impact 
chromium grade 
and center 

stress-relieved 


increases less rapidly 
area 
rapidly from 
amount of ductility is still retained. 


curves 





|| = ested in Liquid 


* Tested in Air Type 430 
17 % Cr, OO. 
Annealed 


%C 


Ik | 0.2 % Yield Strength 


Ultimate 
‘ Tensile Strength 





L oaly 

Proof 

’ Stress 
Reduction of Area 


o—o—— oF 5 





300 -200 


of lowering temperature 


properties of the 
Type 
for the 


diagrams above 


The 
and is paralleled by 


grades. tensile 


80 to —320° F., but a 


ot heat 


group. Fe 


various treatments 


Is 


as a r example, 


4 
| 
4 


4 


| 


| 


” 


440 


upon the 
hardenable 
$10) is shown by the 
hardened 
and hardened & tempered con- 
These results also differ sharply from those 
austenitic streng 
a cor- 
gain in yield strength and proof stress. 
and elongation values diminish 
sub- 
The 


the 





= 








QO! % Proof = aS 


Tested in Liquid 


. Tested in Air Typ end 


_ 18-l2: 2%Mo , 
Annealed | 


Ultimate —— 
_§ Tensile Strength, 
= 


02% Yield § Strength = “ot | 


tress pet 1 


| \ | a 
Reduction of Area 
~ Elongation in 2 In 


4+ zod Impact, | 


BYE 
[ 





e Jested in Liquid _. 


° Tested mn Air Type 521 


18-0: 04%7i 
Annealed | 


Ultimate 

§ Tensile Si trength 
_ i. Sf 
ms 502% Yield Strength 


=> 





+ —<—$__—— a a F 
me — 

QO! % Proof Stress- 
+ , + oS : 


Reduction of Area 


w3 /ongation 
m ein 





| ‘oan oe 
+—-Izod /mpact- 





Tested in Liquid_| 


. Teste ed in Ar Type S47 


18-10: 08 YeClb 
| Annealed 


+ +— Ultimate + 
—— 


Tensile 
— 
[ 502 % Yield strength 
oO STAT 5 
7 == a: 
00! % Proof Stress 
Se 
c no 
recuction of ae 
a a Elongation ine In| 


Lijit 
= we. 





/zoa Impact 








QO 00 =—200 


-300 -200 -l00 0 


Temperature, F 


100, ~200 


Vetal Progress; Page 646 


-500 -200 -I00 0 100 





Per Cent 


harder the material at 
room temperature, the 
higher will be the strength 
properties and the 
the ductility 

throughout the 
temperature 
impact 
quite a 
between 


lower 
values 
whole 
range. Izod 
strengths show 
rapid decrease 
room 
and 0° F. 
Temperature Increase 
During Testing — When 
a tensile par- 
austenitic 
pulled in air 
at normal testing speeds 
and the 
temperature of 


tempera- 
ture 


specimen, 
ticularly of the 


grades, is 


it hecomes warm 
actual 
the specimen may be well 
above the temperature of 
the surrounding air. In 
this work it found 
that the tensile properties 


was 


of some of the chromium- 
nickel tested in 
air at room temperature 
were distinctly out of line 
with the 
of values for 


grades 


trend 
other 


general 
the 
temperatures, which were 
obtained with the 
mens immersed in 


speci- 
a cir- 
culating 

effort to 


apparent discrepancies, a 


liquid. In an 
clarify these 


few additional experi- 


ments were at room 
with the 
surrounded by 
circulating 
each test the results thus 
obtained fell in line with 
the other 

As can be 


run 
temperature 
specimen 


water. In 


values. 

seen most 
clearly in the graphs for 
Types 302 and 304 
right), the 
pulled at 
ture in air 


(top 
specimens 
room tempera- 
exhibited a 
consistently lower tensile 
strength than those 
rounded by 


sur- 
Test- 
ing in air is equivalent to 
testing at 


water. 


a temperature 
100° F. 
room temperature, 
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and appears to be most pronounced for the alloys 
that work harden rapidly. For the straight- 
chromium Type 430 alloy there was no significant 
difference between the values obtained in air and 
those obtained in water. 

The 0.2° 


not altered by testing in air or water, because 


yield strength and proof stress are 


insufficient cold work has occurred at these low 
strains to affect the temperature of the specimen. 
On the other hand, elongation and reduction in 
area of the chromium-nickel grades may dilfer 
appreciably, depending on whether the specimens 
are broken in air or water, and are generally lower 
when tested in air because these values usually 
decrease as the temperature is increased above 
room temperature. Similar observations were 
made recently by Lincoln and Mather,’ who studied 
the tensile properties of austenitic stainless steels 
with low nickel content 

Although it was not the purpose of this 
investigation to study the effect of variations in 
tensile testing procedures, these results have been 
included as a matter of general interest. The 
preliminary results strongly suggest that not only 
testing speed but specimen dimensions, surtace 
finish and even small differences in ambient tem- 
perature might influence the tensile strength and 
ductility obtained when testing the chromium- 
nickel stainless steels, because all these variables 
may affect the rate of transfer of heat from the 
specimen to the surrounding environment and, 
hence, the actual testing temperature 

Summary and Conclusions The effect of 
temperature on tensile and impact properties 
+212 and —320° F. 


for a number of popular grades of stainless steel. 


between has been investigated 


In general, a decrease in temperature affects the 
tensile and impact properties of the various grades 
of stainless steel in the following manner: 


Austenitic Chromium-Nickel Grades 


The tensile strength increases rapidly 

The vield strength and proof stress are not 
affected. 

The ductility values decrease gradually. 
The impact strength increases slightly. 


Ferritic Chromium Grades 


1. The tensile strength increases moderately. 
2. The vield strength and proof stress increase 
rapidly and approach the tensile strength at very 
low temperatures. 

3. The duetility is not affected by tempera- 
tures down to 80° F. 


values at —320° F. 


but decreases to very low 


+. The Izod impact strengths fall to low 
values below 0° F, 


Martensitic Chromium Grades 


1. The tensile strength, yield strength and 
proof stress increase moderately. 

2. The ductility is affected only slightly down 
to —80°F., but decreases rapidly at very low 
temperatures 

3. The Izod impact strength decreases con 
siderably below room temperature. 

1. Prior heat treatment does not affect the 
sxeneral trend of properties with temperature, but 
does affect the level of values. In general, the 
harder the material, the higher the strength values 
and the lower the ductility and impact values. @ 
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DISTINGUISHED 





METALLURGISTS 





Walter G. Hildorf 


Chief Metallurgical Engineer 
Western Division 
Timken Roller Bearing Co. 
Los Angeles 


Citation “for research and steel- 
making developments that extend 
the use of allov steels in high- 
temperature equipment” 


OINcE the automotive industry has 
had a influence on the 
de velopme nt of fine 


large 
steels, it is 
not surprising that so many of the 
recipients of Distinguished Service 
Awards for meritorious contributions 
to progress in alloy steel should be 
automotive metallurgists. A few of 
them achieved their full stature after 





Five of the Seventy-Five Recipients of 


% Distinguished Service Award for Meritorious 


Contributions to Progress in Alloy Steel 





transferring to an associated activity. 


Watter Hitporr is such a one. 

A graduate of Michigan State, 
Hitpvorr left Reo Motor Car Co. 
in 1928 to join Timken, where he 
found an alloy steel mill for the 
production of steel for antifriction 
bearings. Timken’s piercing mills 
had more capacity than needed for 
its own operations; new customers 
required new lines of approach, 
and the management had already 
financed investigations at the Uni 
ve rsity of looking for 
criteria to judge the performance 
of tubing under high-temperature 
and COrTTrosive 


Michigan 


conditions in steam 
power plants and oil refineries, then 
using high-grade carbon steel almost 
exclusively. Since operating condi 
tions varied so widely as regards 
pressure, temperature, oxidation 
and various forms of corrosion, it 
appeared that a number of steel 
analyses would be necessary, each 
depending upon the conditions of 
service and the cost This required 
a study of the effect of 


iumounts of such alloying elements 


various 


is chromium, molybdenum, silicon 
and vanadium, in various combina 
tions, on creep properties and oxi 
dation resistance 

“In the production of seamless 
tubing from such desirable alloy 
steels as were formulated, there 
were two main trouble spots 
furnace or melting and piercing,’ 
writes Hitporr. “No easy solution 
was found to the problem nor did 
it seem to be due to any one condi 
tion. However, after trying a num 
ber of variations in melting practice, 
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such as size and shape of ingots, 
tvpe and time of additions, slag 
conditions and variations in pouring 
temperatures, it was possible to set 
up combinations that usually pro 
duced a very high percentage of 
good tubes. Simultaneously, tests 
were carried out on the piercing 
mills, where variations were made 
of such things as billet size, piere 
ing points, feed and speed of the 
mill. Even though other conditions 
were met, a rather small change in 
temperature often made the differ 
ence between good and bad tubes. 

The main reason for this cut 
and try method was that there was 
no other way of determining the best 
temperature for piercing a given 
type or heat of steel What a help 
the hot twist test would have been! 
However, experience with different 
heats, 


in melting, soon resulted in very 


together with improvements 


good tubes 


In a comparatively short time 
there was a remarkable increase in 
the use of alloy tubing, particularly 
in the oil industry. The types varied 
from around 1.25‘ chromium 
0.50° molybdenum and 0.757 sili 
con, through various amounts of 
these elements up to 9.00‘ chro 
mium, 1.00‘; 
0.75% 


molybdenum and 
silicon 

Little did we know, when this 
work was started, that it would pro 
vide a background so that when a 
superior alloy was needed at the 
start of World War II for the wheels 
of turbosuperchargers and disks for 
gas turbines, we would be ready wit) 
the steel! 





Trygve Dewey Yensen 


Manager, Magnetic Dept. 
Westinghouse Research Laboratories 
East Pittsburgh, Pa. 


Citation “for researches resulting 
in large improvement of magnetic 
properties of iron alloys” 


o> 


oO receive 


75 American metallurgists 
citations by the 
American Society for Metals for 
meritorious contributions to progress 
in alloy steel Tryave Dewey YEN- 
sEN is one of the few born outside 
North 
only by birth and early schooling; 


his bachelor’s and master’s degrees 


America. He is Norwegian 


ire from University of Illinois It 
is characteristic of the man that 15 
years later, in 1927, after he had 
icquired an international reputation 
in the field of magnetics, he decided 
he was going stale on his job and 
needed more scientific knowledge, 
which he forthwith acquired, to 
gether with a doctorate, at Caltech. 

His life work on magnetic mate 
rials started in 1912 when he was 
research professor in University of 
Illinois Engineering Experiment 
Station. He really had to start 
from scratch. He had to build melt 
ing and annealing furnaces, a refin 
ing plant for producing pure iron, 
a furnace for fused magnesia; +he 
had to crush and sift the stuff and 
go into the ceramics business to make 
the crucibles; last but not least, he 
had to build his own magnetic 
testing apparatus and do his own 
testing. From this work came the 
generalization that hitherto-disre 
garded impurities in ‘pure’ iron, 
including gases, had a profound 


effect on the magnetic properties of 
iron, the low-silicon iron alloys, and 
a later discovery) the high-nickel 
ind high-cobalt alloys of iron. Mag 
netic properties apparently depend 
on the regularity of the crystal 
lattice; anything that distorts this 
lattice must be avoided. 

After this initial success with 
high-permeability, vacuum-melted 
iron and iron-silicon alloys, Yensen 
began his career at Westinghouse 
(1916), but as often happens 
when translating laboratory results 
to pilot plant production he was 


Viarcus A. Grossmann 


Director of Research 
Carnezie-Illinois Steel Corp. 
Pittsburgh 


Citation “for evaluation of the 
influence of specific elements on 
the hardenability of steels” 


Torep for his wit, his clarity of 

expression, and his breadth of 
Marc GrossMaNnn_ is 
one of the most sought-after speak- 
ers in the metallurgical circuit, and 


information, 


so is known personally to many of 
his professional brethren both her« 
and abroad. Born and raised in 
Youngstown, Ohio, the lure of the 
steel mills got him early in life. 
Massachusetts Institute of Technol- 
ogy gave him an academic start 
1912). He was hired by Vanadium 
Corp. of America, and he hoped to 
become a steelmaker. However, his 
first metallurgical problem convinced 
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for several years unable to dupli- 
cate his previous results! Lengthy 
and painstaking work discovered the 
secrets of the early successes and 
the later failures. Eventually he 
was able to duplicate the successful 
work in plant-scale operations. 

The integration of all this work, 
which started on a most modest 
scale, has resulted in great tonnages 
of silicon irons with properties as 
much better than Hadfield’s 1905 
alloys, ostensibly of the same com 
position, as the latter were better 
than the best iron sheet of 1905. 


him that one could not well control 
the effects of a single element on the 
properties of steel without knowing 
the effects of all the elements in the 
composition. 

Of course, it was a formidable 
task to acquire all that information, 
even for one of GrossMANN’s energy 
and ability. Nevertheless, he has 
continually persisted. A varied expe- 
rience with four other organizations 
added to his store of facts, and 
fitted him to join the Steel Corp.'s 
South Chicago plant as_ research 
engineer in 1931. There he com- 
menced a systematic study of steel’s 
hardenability. This elusive quality 
first had to be defined, then meas 
ured. GrossMANN attacked the prob 
lem in the most direct manner - 
he quenched round bars and deter- 
mined the distribution of hardness 
from surface to core. Several papers 
published in the next 12 years made 
evident to all the thoroughness of 
the investigation, and touched off 
many other studies on associated 
Many factors had to be 
unraveled, such as the influence of 
carbon and alloy contents, element 
by element; the 


problems. 


influence of grain 
size; and the influence of the que nch 
ing medium 

Eventually emerged the concept 
of “ideal hardenability a meas- 
ure of a steel’s true hardenability — 
and also an accurate, yet simple, 
for measuring this quality 
from hardness-depth curves for three 
different-sized rounds. As informa- 
tion grew, it became possible to cal- 
culate this true hardenability from 
the steel’s chemical composition — 
a feat that received the Robert W. 
Hunt Gold Medal of the American 
Institute of Mining and Metallur 
gical Engineers in 1943, and well 
warrants the citation to 


means 


pre sent 
Marcus A. Grossmann 





John Mitchell Watson 


Chief Metallurgist (Retired) 
Hupp Motor Car Corp. 
Detroit 


Citation “for active promotion of 
the use of alloy steels in 


motor cars” 


ee five years after graduation 

from the University of Michigan, 
Mike Watson worked as chemist 
for Packard Motor Car Co 
that time he 
ot parts 


During 


made many analyses 


from American and for 
eign motor cars and was greatly 
impressed by the variability in the 
composition of steels performing the 
same duties with some success. Con 
sequently his first aim, when becom 
ing metallurgist for Hupp in 1914, 
was to visit steel mills both car 
bon and alloy 


forge plants, and 


parts manufacturers. Months were 
spent in studying their operations, 
trving to discover what conditions 
were really necessary for producing 
quality steels and automotive parts 

The forge 


shops in those days 


were especially uncertain,’ Watson 
writes. “Forgemen were of a rough 
and-ready type and had little sym 
pathy for new ideas on temperature 
control. Some shops did have indi 
cating pyrometers, but they would 
be in the foreman’s office; the ham 
mermen preferred to work steel 
when it was ‘light lemon’ rather than 
at 2350° F. In heat treatment, also, 
much was to be desired. The oil 
might mere ly be ‘No. 10’ what- 
ever that might mean; it could be at 
winter temperature at the beginning 
of the shift, but so hot by afternoon 
that the bath would catch on fire. 





Resulting nonuniformity of the work 
brought frequent 
the machine shop.” 
To correct such erratic condi 
tions, Watson wrote and enforced 
detailed specifications for all forged 
and heat treated parts for the Hupp 
line of cars and trucks. By 1923 he 
built a complete heat treat depart 
ment —one of the first integrated 
units of this sort in the automotive 


complaints from 


industry, and one that became a 
model for others, with its specially 
designed continuous furnaces, 
equipped with latest instruments for 


Henry Thomas Chandler 


Vice-President 
Vanadium Corp. of America 
New York City 


Citation “for early development of 
chromium, molybdenum and 
vanadium steels and their 
application to automobiles” 


| au CHANDLER was born in Frank 


fort, Mich., Aug. 23, 1890. He 
was fortunate in his educational 
advantages, studying physics, chem 
istry and metallurgy at the Univer 
sity of California, Massachusetts 
Institute of Technology, The Sor 
bonne (Paris), and the Polytechnic 
Institute of Zurich. 

Joining the research laboratory 
of Ford Motor Co. in 1914 to direct 
the metallurgical section, he again 
was fortunate in working with the 
most up-to-date equipment and a 
staff capable of making an experi 
mental melt of a new analysis, forg 


May, 1949; Page 651 


control of furnace temperature, 
speed, heating cycles, temperature 
and velocity of coolants, labor-sav 
ing devices, careful final inspection. 
Hupp in those days made good cars 
and sold a lot of them. 

Joun Mitrcuertt Watson is with 
one exception the oldest member of 
the Iron and Steel Committee of the 
Society of Automotive Engineers. 
An evidence of his standing among 
fellow metallurgists in the automo- 
tive industry is the fact that he was 
chairman of that important specifi 
cations group from 1925 until 1931. 


ing or rolling it into bars or plates, 
machining test pieces, measuring the 
common physical properties after a 
variety of operations and heat treat 
ments, and applying the metallur 
gical results to automotive design 
and production. 

As America’s entry into World 
War I approached, this metallurgi- 
cal research work went far beyond 
the needs of the automobile into 
parts for the Liberty aircraft 
engine, armor plate and other items 
for ordnance. It is not surprising 
that some of the little-known ele 
ments, like molybdenum and zirco 
nium, should have been intensively 
studied by this rapid-fire group, 
along with new combinations of the 
better known alloying elements. The 
possibilities of the molybdenum 
steels were so impressive that when 
C. Haroip Wixts, who was in gen 
eral charge of Ford's research and 
engineering, resigned to design and 
build his own automobile, he took 
Henry Cuanpier along as chief 
metallurgist, and many heat treated 
parts of the Wills-St. Clair were 
made of the new alloy steels, par 
ticularly the chromium-molybdenum 
and chromium-nickel-molybdenum 
steels. 

In 1924 became 
assistant to the president of Vana 
dium Corp. of America. His duties 
were to “promote the development 
and use of alloy steels and to inves 
tigate the effects of nitrogen on the 
engineering properties of steel and 
the control of the state of nitrogen 
in steel by means of ferro-alloy addi 
tions to the molten bath”. Thus he 
has been associated with the devel- 
opment of “intensifier” alloys and 
their applications from the begin 
ning, and is currently engaged in 
a study of the mechanism of the 
intensifier reactions 


CHANDLER 








SELECTION AND 





HEAT TREATMENT 





OF FORMING TOOLS 





yO and tool 
designing are not exact sciences; no standard solu- 
tion can be given for any specific problem involving 
the selection of toolsteel for a particular tool. I 
do not believe there is any tool that is always made 
from the same kind of toolsteel. Nevertheless, the 
selection of toolsteels is far from being haphazard. 
Certain principles can be stated, and the purpose 
of this article is to discuss these principles as they 
relate to metal-forming tools, according to the 
following outline: 


1. Plastic deforming tools (hot) 

2. Die casting and permanent mold dies 
3. Forming and trimming dies 

4. Punches and chisels 

+. Shear knives 

Fools such as shear knives, punches, chisels 
and trimming dies actually remove metal as well 
as torm it. However, they are so different from a 
true metal-cutting tool in their operation that I feel 
justified in including them here. 

Tools for the plastic deformation of hot metal 
are one of the most interesting and important 
groups in the toolsteel field. If the serviceability of 
such tools and dies could be increased through 
higher strength and greater resistance to tempering, 
we might revolutionize many standard processes in 
industry today. The shortcomings of these tool- 
steels are a stumbling block in the way of such 
dreams as the commercial extrusion of steels, direct 
rolling from the molten state, and die casting of 
brasses and bronzes in large sections. 





By Norman I. Stotz 
President 
Braeburn Alloy Steel Corp 
Braeburn, Pa. 





In the metal cutting tools a relatively small 
area of the tool is in contact with the work for 
more or less constant periods of time, and the heat 
with which we have to contend is that generated 
by friction. For the most part this is a “black 
heat”, but sometimes the cutting point of the tool 
actually reaches visible color. In the plastic 
deforming dies a relatively large area of the tool 
is in more or less intermittent contact with the 
work that has been heated to a forging tempera- 
ture higher than any temperature developed at a 
cutting point. This situation, plus the fact that 
the deformation is accomplished under heavy 
shock and pressure, introduces entirely different 
requirements for the toolsteel. The most impor- 
tant are the following: 


1. High strength, including impact strength, to 
prevent rupture in service. 

2. High resistance to softening or tempering in 
service. A hot work tool of any kind will eventually 
fail because it becomes soft under continuous work- 
ing conditions. So far we have only been able to 
extend the time of this eventuality not overcome it 

3. High resistance to wear and abrasion. 

4. High resistance to distortion at the working 
temperatures. 

5. High resistance to heat checking and surface 
cracking. 


6. Adaptability to cooling between work periods. 
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Some of these requirements are inter- 
related, but each is a specific factor for 
any single die application. They also tie 
in with tool engineering, mechanical setup 
and heat treatment. The problem of die 
design is extremely important, especially 
as related to sharp corners, re-entrant 
angles and thin sections. For instance, 
when thin sections heat up faster than 
heavier die bodies, warpage occurs, and the 
finished parts may lose controlling dimen- 
sions long before the die begins to fail. 

Insert and sectional dies, where prac- 
tical, offer some easement to these prob- 
lems, but do not provide a straightforward 
solution. The most common fault) with 
insert dies is too small a ratio between the 
area of insert and the holder. For round 
dies, I believe this should be 3 to 1, and 
for square or rectangular dies, even greatet 





In last month’s Metal Progress Mr. Stotz con- 
sidered the selection of toolsteels for cutting tools, 
and concluded with the thought that no test can 
substitute for actual service to determine which 
toolsteels are best suited for specific applications. 
The same reasoning applies to the great variety of 
tools and dies that Mr. Stotz discusses here under 
the general heading Forming Tools. These are 
of tremendous importance today. As for the future, 
we have the author’s statement that: “The short- 
comings of tools for the plastic deformation of hot 
metal are a stumbling block in the way of such 
dreams as the commercial extrusion of steels, direct 
rolling from the molten state, and die casting of 


brasses and bronzes in large sections.” 


because of the weaknesses that develop al 
the corners. Although snug fits are essen- 





tial, there must be some well-controlled 
clearances in order to allow die “breathing”. 

Most high speed and air hardening 
steels harden all the way through, so that when 
used in a solid die there is no natural cushion to 
take up the working shock. Such dies must be 
tempered to lower hardnesses to prevent breakage. 
Properly designed insert dies can be used safely at 
higher hardnesses, and thus wear longer by allow- 
ing the holder or back-up block to absorb these 
shocks. When the proper relationship of size and 
design is established, insert dies have made 
possible substantial savings in the cost of forgings. 

There are very specific limitations as to the 
amount of deformation that can be expected in a 
single operation, regardless of temperature. Where 
extreme final accuracy is desired two operations 
are often more economical than one, even though 
over-all metal displacement is within safe limits. 

Cooling practices are quite varied. They also 
have definite limitations. As a die becomes hot in 
service, intermittent applications of cooling wate 
can be very dangerous. It is a good rule to say that 
if water can be used at all, it should be applied in 
ample volume to keep the tool as cool as possible 
The use of water is dangerous on any hot work 
toolsteel containing appreciable amounts of tung- 
sten. The repeated heating and cooling, if too 
rapid, develops premature surface cracking, and 
each tiny erack has a detrimental notch effect on 
the strength of the die. Cooling between operations 
by swabbing with oil or by the use of a dry air 
blast is safer. As the tungsten content decreases, 
the use of water becomes less dangerous, but it is 
by no means foolproof even in carbon steels. 


Forging-Press Dies 


Dies used in forging presses have to be cooled 
n position. Long life is desired because of the 
machine setup time that is consumed when any 
part of an intricate multiple-stage die assembly 
fails. Inserts have been ingeniously devised and 
often save a great deal of time and expense when 
proper designs make them practical. In contrast 
to this situation is the practice resorted to in extru 
sion dies—-a number of die inserts are used in 
The die 
that has just been used “rests” and cools naturally, 


rotation in sets of four, six or even eight 


or by mild air blast, while the others take their 
turns. The same procedure is used for dummy 
blocks and tube mandrels where the alloy content 
and temperature make rapid cooling inadvisable 


A word should be said about the 


‘self-quench- 
ing” effect of the mass of the die. It is advisable 
to have the body of the die considerably larger than 
might seem necessary, in order to transfer the heat 
rapidly from the working surface into the mass 
of metal. The objective, of course, is to keep the 
working face at the lowest possible temperature 
As the coefficient of heat conductivity in steel is 
quile high, we have, fortunately, a natural aid in 
this problem. 

We have inferred that toolsteel application to 
specific cutting tools is quite varied and often 
depends on local conditions and opinions. This 
situation is doubly true of hot work steels. For 
gripper and header dies in forging machines the 
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usage starts with Class A-1 (see classification table slightly lower carbon content is still used to some 
with about 0.50% carbon, carries to Class C-1 and extent, as is Class E-1. There is still a small 
C-3 for extremely high temperature work, Class amount of C-4 used today, but the heat-checking 
C-2 and C-4 for moderately high temperature work, hazards, which are much reduced in Class E-2, are 
and to Class E-1, E-2 and E-4 for general applica- against it. 
tions. As a matter of fact, Class E-1 has gained so All these steels require carefully devised heat 
much recognition in the past few years that it has treating cycles. All are air hardened from tem- 
actually replaced large amounts of the more expen- peratures around 1800° F. Because distortion must 
sive intermediate-tungsten types to good advantage. be held at a minimum, oil and water hardening 
For open hammer-forging dies Class E-1 is steels are not feasible. The die surface must be 
extremely valuable with Class E-4 a close rival. protected from scaling during the long cycles 
However, for brass forging on quick-acting ham- required to reach the hardening temperature and 
mer-type presses, it is often necessary to use the soaking time required to assure uniform tem- 
Class C-2 or C-4. If impressions are shallow and perature. Dies should be packed in a relatively 
re-entrant angles not too severe Class E-3 can he noncarburizing medium, such as spent pitch coke 
used to good advantage even though it is essentially of proper size. The cooling must be uniform. Drafts 
used for cold die work. For very drastic 
hot forging on open-die hammers Class F-3 : : 
has some application, but steels of Classes General Classification of Toolsteels by Analysis 
G-1 and G-2, with about 0.60% carbon, are Figures in parentheses mean optional elements 





economical for rough work. 


Cass | c |uxl si | w Mo | Cr 


Die Casting Dies A — TUNGSTEN HiGH SPEED STEELS 
| 0.72) — | — | 18.00 | — | 400] 1.10 
Tin and Zine-— Die casting dies for ! 0.82 | — | 18.50 | (0.75) ) 4.25 | 2.10 

| - oi — 25 | 3.25 . 
tin and zine alloys are not too much of a a | 4 saad oe (0.75) | poo ca 5.00 
| 0.76 | | 18.50 | 1.00 | 4.50] 1.10 | 9.00 


problem, unless the design is intricate and 
the mass either large or unevenly distrib- 
uted. (These dies are only a short step 





B — MOLYBDENUM HIGH SPEED STEELS | | 


B-1 0.80 | -- | | 1.50 | 8.50 3.75 | 1.10 
B-2 0.82 | — 8.00 3.75 2.00 
where relatively low-alloy toolsteels are B-3 | 0.82 | 6.25 | 5.00 4.15 | 1.85 
used in the normalized or pre-treated form B-4 | 0.80 — | — | 1.50 8.50 | 4.00) 1.25 
at Brinell hardnesses of 250 to 325, without 


above the dies used for molding plastics, 


Hot Work STEELS — HIGH SPEED TyPEs 


11.50 | (0.25) | 3.50 | 0.35 


! 
for using toolsteel is to be assured of v % - | 9.00 | (0.25) 3.25 | 0.35 
maximum cleanliness and soundness, since 73 | 0. - 10.25 | (0.30) | 3.00 | 0.20 
the die faces must be finished to a high Loe eo - | 5.00 | (0.25) |) 5.00 | 0.20 


further heat treatment.) The real reason 


are very detrimental, so the low-temperature D-1 | 215) — | — | — 
die casting industry is willing to pay for D-2 | 1.56 | - 0.80 | 12.00 | 0.80 


= + D-3 | 1.50) - 0.80 | 12.00 | 1.00 | 3.00 
toolsteel quality to avoid difficulties. How- p-4 | 1.30; — 3 50) — | (0.25)| (0.25) 


12.50 0.60 


polish. Any irregularities, pits or inclusions D ——- HiguH-A.LLoy Die STeeELs 


ever, if such dies are intricate, unusually 
E INTERMEDIATE-ALLOY Types For Hor on CoLtp Wort 
expensive, or have long activity require- : ‘ 


ments, it is often better to use Class E-1 or e | 0.35 | 1.00 | 1.25 | 1.40 5.00 | 0.35 


- . ; S- 0.38 1.00 | 1.25 5.25 1.00 
E-2, and to heat treat the finished dies : 1.00 oi 1.25 | 5.25 0.25 
according to practices used in the aluminum ° 0.45 - | 2151-025 | 1.40] 0.25 
die casting industry 1.20 | — | 160! — | 050] 0.20 


Aluminum — Toolsteels for aluminum Low-ALLoy TYPES 


| 0.95 | 1.25 | 0.40 0.50 | 0.50 0.20 
from segregation as it is possible to make Pad 0.95 | 1.65 | 0.25 - | (0.25) 


them. They must have good machinability 7-3 | 0.52 | 0.30 | 1.00 | 


die casting dies must be as clean and free 


0.60 0.20 
because of the intricate shapes and designs, a 1.10 0.40 peed ; | (0.40) 1.35 | 

and after heat treatment they must be able ; j Sa | Oe | | : a) oe 

to take a high polish. I feel safe in saying G — Cannon Toorstees | 

that, although relatively new, Class E-2 is G-1 | =: | 0.30 | 0.30 | - ae 
the steel most widely used today. This G2) — | 030 | 030) - : sie | 0.20 


; : G-3 — | 0.30 | 0.30 | 6.20 | (0.20) 
same steel with only 0.30% vanadium and ; | 
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should be avoided so that a minimum of scale 
forms on the working surfaces. Tempering cycles 
must be long and thorough; the above steels are 
seldom tempered below 1100°F. Large dies must 
be held at the tempering femperature for 16 to 36 
hr. Fully tempered stability is necessary to pre- 
vent the die from “growing” or changing shape 
during its production life. There is no short cut 
or time-saving formula that can safely be applied 
to the heat treatment of dies used for die casting. 
Brass—— Most die cast- 
ing dies for brass are 


steels is shown in Fig. 1, where wear, plotted ver 
tically, is measured by the depth of the burr pro- 
duced. Plain carbon steel, Class G, and the so-called 
oil hardening nondeforming steels, Classes F-1 and 
F-2, in the early stages of service hold a keener 
edge and produce less burr than the various “weat 
resisting” grades, but once the edge starts to wear, 
the burr depth increases rapidly and the too! wears 
out quickly. With the high-activity types, Classes 
A-1, D-1 and D-2, or E-3, the edges seem to assume 
a heavier fixed burr early 
in their life and then, 





made from Class A-1 





with low carbon (0.40 to 
0.50% or Class C-2 or 


C-3. Various of the popu- 


| Piain Carbon, a 
lar steels in this field con- I%C—> 
tain nickel, which seems 
perfectly safe in the rela- 
tively low-carbon inter- 


Depth of Burr 





Moximum Permissible Burr 


18-4-1 High Speed 


probably as a result of 
work hardening, continue 
to perform within safe 
limits for extended 
periods of time. In the 
diagram, more than two 
million operations were 
recorded before the test 


Hardening 








mediate-tungsten hot 
work types. Because of 


Number of Holes Punched 


was halted. All three of 
these “high-activity” types 





the high casting temper- 
atures required, even 


Fig. 1 — Progress of Wear on Toolsteels 


were still safely within 
the limits, but the longer 





though the brass is in 
the “mushy” rather than 
fully melted state, these steels give relatively short 
life. Very few brass die castings of over one pound 
in weight are made on a truly commercial basis. 
even though some notable exceptions might be 
mentioned. As the mass of the die casting gets 
larger, the heat absorbed by the die carries far 
beyond its annealing temperature. As premature 
softness develops, the inrush of the new metal 
“washes” the die, and the pressures applied force 
it out of shape. A new and as-yet-unknown 
material for such dies would be a remarkable 
stimulus for this important industry. 

Permanent molds for aluminum can be made 
of Class E-4, even though this steel is oil hardening 
rather than air hardening. All of the Class C steels 
are used also. On higher-melting brasses or 
bronzes the high-tungsten types are necessary. A 
recent steel said to be very successful for these 
difficult applications contains about 0.30% carbon, 
12.00% tungsten and 12.00% chromium. 


Forming and Trimming Dies 


Forming and trimming dies are made from 
every class of toolsteel on our list. Dies with high 
activity requirements should be made from the 
most abrasion resistant toolsteels available, but 
low-activity dies may often be made from regular 
carbon toolsteels, because the number of pieces 
required can be produced long before the die wears 
out. The trend of wear on various types of die 


life of the high-carbon 
high-chromium and _ the 
high speed types had begun to show. 

Aside from the life requirement, the choice of 
steel depends on the nature of the die design and 
the accuracy requirement in the finished parts 
Relative machinability will often influence the 
choice of a die steel. Water hardening steels will 
generally machine with the greatest ease, but they 
will deform most in hardening. The oil hardening, 
so-called nondeforming steels are not free-machin- 
ing even under the best conditions, nor are their 
“nondeforming properties” too reliable. They are 
really nonshrinking rather than nondeforming, so 
that they can be relied on to be over the finished 
dimensions after hardening and tempering, pro- 
vided these operations have been properly 
performed. 

In my opinion, the best steel for general die 
work is Type E-3. Its machinability is as good as, 
or better than, the oil hardening types and is 
considerably better than the high-carbon  high- 
chromium or high speed types. In addition, its 
wear resistance or life is very close to that of the 
high-carbon high-chromium types. From the 
standpoint of deformation, it has no equal in any 
of its competitors, primarily because its dimen- 
sional changes are uniformly equal longitudinally 
and transversely. Except for its low-carbon 
counterparts, E-1 and E-2, discussed under the hot 
work steels, this is true of no other toolsteel. 

For dies whose life may be indefinitely long. 
the choice lies among the high-carbon high-chro- 
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mium and the high speed types. Although I favor 
the high-carbon high-chromium types for most 
applications, it must be remembered that all rules 
of toolsteel selection have exceptions. 


Punches and Chisels 


Punches and chisels, particularly chisels, rep- 
resent the borderline type of tool where toolsteels 
compete with commodity steels. Chisels used in 
pneumatic machines require higher quality steels 
Pneumatic 
chisels, as well as many punches, are subject to 


than are required for hand chisels. 


fatigue failures, such as are common in cold head- 
ing dies where rapidly repeated 

shocks occur. These requirements 

make several alloy steels such as 

Classes E-4 and F-3 very popular 

because of their high resistance 

to fatigue under rapidly repeated 

stresses. But even these special 

steels can give considerable 

trouble, unless the pneumatic 

shank holder is kept in perfect 

condition so that a snug fit is 

maintained at all times. By the 

sume reasoning, punches that are 

not firmly seated will break off prematurely at the 
base of the shank. When punches are used on 
flat stock the problem is relatively simple, but 
when bevel stock, especially tie plates, is being 
punched, considerable trouble may be encountered 
unless strict attention is given to mechanical 
alignment of the tool. 

Many punches fail on the upstroke rather than 
during the actual punching operation. Several 
factors other than alignment cause these failures 
The most important thing to watch is that prope: 
clearance is allowed in the die so that the punch 
can complete the upstroke unimpeded. Firm and 
well-placed strippers must also be set to prevent 
seizure in the work itself. Punches that work 
under compression often fail under tension because 
these factors are neglected 

This family of tools has always suffered psy- 
chologically in service because, as tools go, they 
are relatively inexpensive and are seldom intricate 
in design. Chipping yards usually have piles of 
chisels ready for immediate use if a cutting point 
dulls or a shank breaks. Many types of punches 
are easily replaced, provided the die has not been 
damaged. Tool engineers may consider punches 
and chisels as beneath their dignity, and master 
mechanics have but little time to spend servicing 
pneumatic hammers. I am convinced that close 
attention to the service conditions under which 


these tools operate can lead to substantial savings. 


Shear Knives 


Unfortunately, the same attitude is often 
exhibited toward shear knives as toward punches 
and chisels. With the exception of small blades 
for general-purpose scrap shears, shear knives are 
costly and their successful service life is intimately 
tied in with proper grinding and careful seating 
in the shears themselves. 

Ordinary knives are made from Class G steels 
with about 0.80 carbon. If cutting is likely to be 
done on steels of varying hardness, Classes E-4 
or F-3 are very popular and are usually worth their 
slight additional cost when an unexpectedly hard 

bar is being cut. They are better 

able to stand the shock without 

breaking, and even though the 

cutting edge may have to be 

redressed after such an experi- 

ence, the shear knives are still in 

one piece and can be used again 

Shear knives reach their full 

place as finished tools when 

applied to the shearing of hot 

rolled or polished sheet and 

strip, and when used in flying 

shears on production lines for 

hot rolled metal. Here the best is none too good, 

and the choice of a steel must be made after a 

careful study of the working conditions, which 
include among other things: 


1. Composition of material being sheared 

2. Gage or thickness 

3. Surface condition 

4. Temperature, which may vary from cold to 
tepid to warm to hot. (Both the maximum and mini 
mum temperatures should always be considered.) 


For cutting thin sheets free from = scale, the 
Blades 
may vary from 24 to 216 in. long with cross sec- 


steel most frequently used is Class D-2 
tions in proportion. Many of the comments made 
in the previous article concerning the heat treat 
ment of broaches apply to shear knives, except that 
shear knives are seldom heated for hardening in 
vertical furnaces. Their final straightening and 
grinding is an art in itself 

As the sheet or strip being cut gets thicker 
and the surface more scaled, the first step is to use 
the same grade of steel, but at lower Rockwell 
hardness, to protect the edges from chipping. When 
shearing plate or heavy strip, Classes E-3, E-4, F-3, 
and various special alloys are used over a wide 
For warm or hot shearing 
Classes E-1, E-4, C-2 and C-4 are generally applied, 
but even Class A-1 with low carbon content can be 


variety of applications 


found in use for very severe cutting operations at 
high temperature. 
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Closure 


As a final reminder that there is seldom -— if 
ever — one best toolsteel for a particular tool, and 
that actual service is the test to which all problems 
must be brought, I shall cite an example concerning 
the lamination dies used to punch silicon steel sheet 
into forms used in electric motors. Dies for this 
purpose are very expensive, must be accurate and 
require the last word in wear resistance because, 
even under the best conditions, they wear out long 
before their work is done and thus have to be 
replaced by equally expensive dies. The ultimate 
cost of the die per lamination produced has a direct 
bearing on the cost of an electric motor. One of 


the largest producers in this country, after many 
years of experience, uses high-carbon high-chro- 
mium steel for these dies with such outstanding 
commercial success that anyone privileged to study 
that practice might justly conclude that here at last 
is an application for which there is one best tool- 
steel. And yet, another equally large producer of 
exactly the same parts, after similarly long experi- 
ence, uses a regular 18-4-1 high speed steel, heat 
treated in an apparently unorthodox way, and 
arrives at an answer so close in final cost to the 
first producer that an expert accountant could not 
detect the difference. 

There is still room for ingenuity in the 
selection, heat treatment and use of toolsteel! © 








CORRESPONDENCE 





Mechanical Testing of Cast Iron 


Paris, FrRaNnct 
To the Readers of Meta. Procress: 

At the last International Foundry Congress, 
held in Paris during October 1947, the problem of 
mechanical testing of cast iron was re-examined. 
This problem has always brought out rather lively 
discussion because of the commercial considera- 
tions that are closely connected with the strictly 
technical problem. 

There are those, for instance, who prefer test 
though artificial 
improvement of the mechanical properties 


conditions favoring an apparent 


included in specifications. For example, an 
increase in cross-sectional area and a decrease in 
specimen length both lead to an increase in tensile 
strength; similarly, a decrease in specimen length 
increases the elongation of malleable cast iron; 
and a decrease in depth and sharpness of notch 
increases the impact properties of steels. 

Other commercial considerations favor the 
use of separately cast test specimens, which greatly 
simplify the problems of the foundryman: He has 
only to obtain the required mechanical properties 
with a specimen of constant size, irrespective of 
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the dimensions and shape of the casting itself, and, 
in making the casting, it is then necessary only to 
obtain a piece that has a suitable surface, without 
worrying about the mechanical properties. 

In other words, although mechanical proper- 
ties on the one hand, and density and high-quality 
surfaces on the other hand, are both affected by 
the many complex factors involved in foundry 
technique and in the cooling of castings, it is pro- 
posed to control these factors separately and in 
such a way as to obtain good mechanical proper- 
ties in the test specimen and freedom from defects 
in the casting itself. Thus are separated two prob- 
lems that are difficult to control simultaneously, 
but whose superposition really constitutes the 
whole problem of high-strength castings. 

The entire matter can be approached in a 
general way by stating the following problems: 

1. The problem of the relationship.of mechan- 
ical properties to the composition and ultimate use 
of the casting. We have very few data concerning 
the latter point, despite its importance in making 
the proper choice of test. The test should be sig- 
nificant; that is, it should have some bearing on 
the intended use of the part. This problem extends 
beyond the subject of castings; it applies to all 


Page 657 





structural alloys, no matter what the metal or its 
method of fabrication. 

2. The general problem of the relation 
between the mechanical properties of the casting 
itself and the results of tests made on separately 
cast specimens. This problem is closely connected 
with many complex factors, as has already been 
mentioned, among which the thickness of the piece 
is one important variable. In view of this, it has 
been proposed that test specimens be cast in sev- 
eral different diameters. It is doubtful, however, 
whether this factor can be isolated, for the shape 
and size of one part of the casting affect the cool- 
ing rate, and thus the properties, of other parts 

3. The specific problem of reproducibility of 
the results of a given test. Superimposed on the 
scatter of results inherent in any test will be addi- 
tional scatter resulting from the following factors: 

(a) Inhomogeneity of the material 

(b) Size and shape of the specimen 

(c) Preparation of the specimen 

d) Peculiarities of the testing machine 

(e) Quality of the personnel making the test. 
The scatter does not depend on the type of test 
alone (tensile, bending, shear, etc.) but on the 
whole set of test conditions. Thus, the test results 
should be specified as being valid only for the 
specific test apparatus and laboratory personnel. 
Over the past 25 years, we have drawn attention 
to the large scatter in tensile tests carried out dur- 
ing this period, such that there has been absolutely 
no correlation between these tensile tests and 
indentation hardness results. We have already 
pointed out that this scatter would be eliminated 
if tensile test samples with threaded grips were 
used and if sufficiently long test specimens were 
chosen so that a reasonable amount of alignment 
were obtained under tension. These precautions 
cannot be forced on the foundries at the present 
time. We can say, however, that in work con- 
ducted at the Ecole Supérieure de Fonderie, to 
determine the conditions necessary for a proper 
tensile test, Messrs. Bastien and Prache have 
found that tensile specimens with threaded ends, 
tested’'so that the specimen is aligned, give only 
a slight scatter of tensile results. On the other 
hand, it is still necessary to reduce the scatter 
inherent in shear tests. Of equal importance, as 
we have pointed out before, is the problem of 
calibrating such tests. 

In summary, it appears necessary to define 
the test specimen and other conditions for tensile 
tests on large specimens and for shear and bend 
tests on small samples such that the scatter in all 
tests is of the same order before attacking the 
general problem of mechanical testing of cast iron. 

A. PORTEVIN 


Numerical Properties of Metals 


SCHENECTADY 
To the Readers of Meta ProGress: 


I feel that the notes on page 61 of the 
January 1949 issue of Metal Progress concerning 
the number 4 appearing in two different micro- 

structures, while interesting, are 
in no way phenomenal. In com- 
plicated microstructures such as 
these, where innumerable phases 
are present, one can obtain prac- 
tically any configuration he wishes 
to let his imagination conjure up 

or the same effects can be ob- 
tained by gazing long at the fleecy 
clouds on a summer day, or at the 
living room wallpaper. 

In contrast, I wish to submit 
the photograph of a specimen con- 
taining a large ferrite crystal with 
a small ferrite crystal shaped as a 
number 7 within it. This speci- 
men is a decarburized piece of 
aluminum-killed sheet steel which 
I subjected to a_ strain-anneal 
technique to obtain large crys- 
tals. The macrograph is full 
size and was made by the metal- 
lography section of the physical 
metallurgy division in the General 
Electric Research Laboratory. 

ABE N. HOLDEN 


Epiror’s Nore: In last Novem- 
ber’s issue Weston Morrill showed a specimen 
with a G.E. monogram formed of large crystals in 
a fine-grained sheet. Apparently the wizards in 
Schenectady can even make their metal say “papa”! 


Wanted: True Costs of 
Martempering 


PHILADELPHIA 
To the Readers of Meta. ProGress 


From the point of view of those of us in pro- 
duction heat treating where high quality and high 
quantity of work are both of the utmost impor- 
tance, and where the conventional quench and 
temper method of hardening is employed, the 
article “Martempering”, by R. H. Aborn in the 
January issue of Metal Progress, is one of the 
most informative on the subject to date. 

Further observations on the subject from 
metallurgists and heat treating supervisors in 
plants that have converted to isothermal heat 
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I believe 
that many manufacturers are content to go along 
with the conventional method of hardening steel 
parts because they know that satisfactory results 
can be obtained. Also, the cost of training people 


treating practices would be welcome. 


in a new method and the cost of overhauling or 
replacing present equipment, plus the safety threat 
of hot quenching tanks, are strong factors in the 
minds of management in favor of maintaining the 
status quo. 

Other conditions peculiar to martempering 

such as the additional floor area required) must 

also be considered. However, in plants where dis- 
tortion and stock removal after heat treatment 
must be held to the absolute minimum, for econ- 
omy’s sake, then one must thoroughly investigate 
the advantages that martempering offers. The sav- 
ing on grinding and cutting costs, including grind- 
ing wheels, cutting tools and labor, to say nothing 
of manufacturing cycle time, appear to be 
tremendous. 

It would be interesting to hear from metal- 
lurgists in plants that have already converted in 
whole or part to isothermal heat treating, and who 
are at present well past the difficult stage that 
attends such a drastic change in manufacturing 
posceaane. Tuos. M. DouGuerty, Jr. 

Supervisor of Heat Treating 
S.K.F. Industries, Inc. 


Decomposition of Nital Etching 
Solutions 


SCHENECTADY 
To the Readers of MeTaL ProGress: 


An unusual incident in our laboratory indi- 
cates the need for care in the use of nital etchants 
of certain concentrations. 

A nital solution, which contained not over 
15% by volume Grasselli reagent nitric acid, with 
ethyl alcohol (190 proof U.S.P. alcohol), had been 
used to etch a small crystal of high-purity bis- 
muth. Following removal of the metal from the 
mixture, the solution decomposed with consider- 
able vigor, spraying the area and evolving copious 
quantities of brown oxides of nitrogen. 

Subsequent inquiry as to the experience of 
others with various nital mixtures indicated that 
vigorous decomposition had been noted previously 
in nital of over 5% by volume HNO,, and 50-50 
mixtures had shattered bottles in which they were 
stored. 

Dr. A. D. Gilbert of the DuPont Eastern Lab- 
oratory has suggested that the bismuth may have 
reduced some of the nitric acid to nitrogen oxides, 


which catalyzed the decomposition of the mixture. 
Dr. W. D. Forgeng of the Union Carbide and 
Carbon Research Laboratories has indicated that 
it is not desirable to exceed 5% nitric acid if more 
than 10 ml. of solution is to be stored, and that 
mixtures containing more than 10% nitric acid 
are quite unstable. Of course, the acid should be 
added to the alcohol (rather than vice versa) and 
stirred immediately whenever any preparations of 
nital are made. 

We feel this information may be of possible 
value to others, indicating the need for adequate 
face and eye protection when this reagent is being 


used. 
Howarp H. Fawcett 


Safety Engineer, Research Laboratory 
General Electric Co. 


Ferrous Scrap in Germany 


Paris, FRANCE 
To the Readers of Mera. Progress: 


A recent article by Paul Voltz in Stahl und 
Eisen (abstracted in Metal Progress for February) 
states that “in the autumn of 1947... the upward 
trend of production was impeded by .. . the 
increased export of scrap from Germany”. It is 
my opinion that at no time since the war has this 
been done, nor has there been any lack of means 
for preparing scrap for remelting——in spite of 
recently increased tonnages going into export and 
into Bizonal blast furnace burdens. Having 
recently returned from service as Coordinator of 
Scrap Control in Bizonia, I can make this comment 
with some authority. The German steel industry 
has always had first call on German ferrous scrap 
over other claimants. 

So much misinformation has been spread 
about the true scrap resources of the world that I 
believe it would be constructive to state the fact 
that Germany will have an exportable surplus of 
iron and steel scrap for many years to come. 


P. M. Reinartz @ 

Armeo Société Anonyme 
Eviror’s Remark: Dr. Voltz’s long article 
about the present problems of the German steel 
industry was abstracted primarily to emphasize 
that a healthy metallurgical industry demands 
an intricate network of associated industries to 
replace and modernize its equipment as it wears 
out, and to reproduce the graph of steel pro- 
duction (indicating that despite strategic bombing, 
Germany and occupied countries produced about 
27 million metric tons of steel ingots in 1944 a 
figure equaling 33% of the American production). 
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POWDER METALLURGISTS 





EMPHASIZE 


PRODUCTION 





ry 

Tie Metal Powder Association 
held its fifth annual meeting in Chicago on April 5 
and 6. Many of the 350 persons attending were 
not connected with the metal powder industry but 
had come to learn how powder metallurgy could 
help them with their production problems. 

The technical meetings consisted of seven 
formal papers and, as a new feature, an informal 
open discussion on powder metallurgy. In addition 
to the technical program, a Metal Powder Show 
of 17 exhibits was presented by powder producers, 
equipment manufacturers and a few parts fabri- 
ceators. Of particular interest was the great variety 
of gears, cams and other structural parts which 
were shown. These exhibits indicated clearly that 
this branch of powder metallurgy is making steady 
progress, both as to the variety of parts produced 
and the intricacy of design feasible. Much of the 
technical program was also concerned with struc- 
tural parts. 

The informal opening session, led by Tom 
Robinson (Welmet Co.) and Paul Weingart (U.S 
Metals Refining Co.), produced a lively discussion 
It concerned mainly the question whether fabri- 
cators should concentrate on parts that are “natu- 
rals” for powder metallurgy because they require 
the self-lubricating properties of porous structures 
und have to withstand only moderate stresses, o1 
whether they should promote powder metallurgy 
as a production method tor more highly stressed 
parts. Both points of view found proponents 
among the parts manufacturers present. 

Among the formal papers presented, those by 
W. R. Toeplitz Bound Brook Oil-Less Bearing 
Co.) on tolerances of finished metal powder parts, 
by Morris Boorky (Presmet Corp.) on selling parts 
made from metal powders and by J. L. Bonanno 

Lionel Corp.) on powder metallurgy from_ the 
design engineers’ viewpoint were also concerned 


mainly with structural parts. 





Special Report to 
Metal Progress 





Mr. Toeplitz had made «a careful comparison 
between the dimensions of a number of actual 
samples of bronze and iron structural parts from 
the production of several parts fabricators and 
the dimensions specified on the blueprints for 
these parts. He found that the parts exceeded the 
tolerances specified on the blueprints for several 
dimensions in virtually every part investigated. 
Curiously enough, similar percentages above or 
below the tolerances were found, regardless of 
whether the specified tolerances were ample o1 
close. This situation was contrasted with the field 
of self-lubricating bearings, where dimensional 
tolerances that can be attained are well established 
and are therefore usually observed by the manu- 
facturers. A plea was made for a more realistic 
approach to the problem of what tolerances can 
be held in structural parts. This in turn would 
probably force the parts fabricator to a stricter 
adherence and the parts consumer to a_ stricter 
enforcement of the specified tolerances. The dis- 
cussion brought out the point that a considerable 
amount of give and take regarding dimensional 
tolerances was customary not only in metal pow- 
der parts but also in die castings and serew- 
machine products, 

Mr. Boorky advocated that in selling strue- 
tural parts, the glamour of powder metallurgy 
should be de-emphasized, and that making parts 
by compacting, sintering and sizing should be con- 
sidered as just another method, which competes 
with die casting or machining of castings or bar 
stock. He pointed out that parts are often made 
from a certain material not because they require 
the mechanical properties inherent in the material 
but because the material is most easily tabricated 
by the manufacturing process specified. This is 
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particularly true of screw-machine parts made 
from low-carbon steel. A part should therefore 
be considered by the metal powder parts fabri- 
cator, even if he cannot duplicate the mechanical 
properties of the competing material, provided the 
cost of making it by powder metallurgy is lower 
than by conventional methods. Because the parts 
consumer is often unable to specify what proper- 
ties are actually needed, it was suggested that 
blanks be submitted to the consumer from which 
he could machine samples of the parts in question. 
These samples should then be tested in actual 
operation in the assembly for which intended. 


In-Plant Powder Metallurgy 


Mr. Bonanno’s company (Lionel Corp.) is one 
of the growing number of concerns that have 
started powder metallurgy departments in which 
they fabricate parts for their own use rather than 
on a custom basis. In the first part of his paper 
Mr. Bonanno discussed the advantages of powder 
metallurgy as a production method in general and 
the particular reasons why his company had 
switched to powder metallurgy for fabricating 34 
individual parts in their toy locomotives. One 
advantage of powder metallurgy in the postwar 
period is the availability and the stable price level 
of one of the principal raw materials, iron powder. 

Of particular interest was the second part of 
Bonanno’s paper in which he discussed the factors 
that have to be considered for an in-plant powder 
metallurgy department. Of primary importance 
is a high load factor, which permits an efficient 
use of the capital invested in equipment. Bonanno 
felt that such a department could not be run 
without a completely equipped toolroom, partic- 
ularly because most powder metallurgy parts 
require one, and often several, sets of temporary 
tools before the design of the final production 
tools is arrived at. For production runs of millions 
of pieces, Bonanno believes that cemented carbide 
tools would pay for themselves, not only for the 
dies but also for core punches and even core pins. 
In-plant powder metallurgy departments have the 
particular advantage that the powder metallurgy 
operations of compacting, sintering and sizing can 
be synchronized efficiently with auxiliary opera- 
tions such as hardening, annealing, carburizing, 
plating and other surface finishing procedures. 
Complex pieces for which multiple-action presses 
are necessary should not be attempted in the 
in-plant powder metallurgy department, but should 
be turned over to the custom fabricator. One of 
the drawbacks in starting in-plant powder metal- 
lurgy departments is the dearth of trained tech- 
nical personnel. 


Effects of Impurities 


A paper by J. J. Cordiano (Buel Metals Co.) 
on some effects of oxygen on the performance of 
iron powder was the only one which presented 
the results of an experimental metallurgical inves- 
tigation. In his tests, Cordiano tried to eliminate 
the influence of variables other than oxide content 
on the properties of iron powder compacts. He 
therefore blended a number of iron powders 
which had been reduced from millscale at different 
temperatures and lengths of time in such a way 
as to obtain powder samples having nearly the 
same apparent density and screen analysis, but 
differing in the amount of oxide contained, from 
0.09 to 3.77%. Compacts were molded from these 
powders at pressures from 15 to 60 tons per sq.in., 
sintered 20 min. at 2050°F. in hydrogen, and 
compared as to green and sintered density, tensile 
strength and ductility. 

As expected, Cordiano found that the com- 
pressibility increases almost linearly with decreas- 
ing oxide content. However, the strength and 
ductility of the compacts, when compared on the 
basis of a given molding pressure, varied only 
slightly with increasing oxide content. Comparison 
on the basis of constant sintered density showed 
an increase in strength with increasing oxide con- 
tent. Cordiano emphasized that the oxides in his 
powders existed in the interior of the particles 
rather than on their outside and that the results 
of his tests would not hold for powders with 
oxidized surfaces. 

In a paper on the effect of impurities in metal 
powders, F. V. Lenel 
Inst.) collected a number of observations of his 


Rensselaer Polytechnic 


own or reported by others and arranged them so 
as to show that the same principles apply to the 
effect of impurities on the properties of cast and 
wrought materials as on the properties of molded 
and sintered compacts. In addition, impurities 
may adversely affect the processing of compacts 
from metal powders. 

The two remaining papers, by D. R. Johns, 
M.D., on hygiene in the metal powder industry 
and by H. D. Saunderson (National Bureau of 
Standards) on the characteristics of materials 
involved in the magnetic fluid clutch, were of less 
direct interest to the metallurgist. The Bureau of 
Standards obtained the best results among the 
iron powders tested for the magnetic fluid clutch 
with carbonyl E powder. This was attributed to 
the fine particle size of the powder, which kept it 
from settling out, as well as to the compact 
spherical shape of the particles, which makes them 
less subject to corrosive attack than the porous 
particles of reduced iron powder. 86 
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CORROSION 


ENGINEERS 





MEET IN CINCINNATI 





7 is the principal product 
of the “corrosion industry”. As the annual cost 
of this product is estimated between one and ten 
billion dollars, it is not surprising that corrosion 
engineers should spend a lot of time trying to 
decrease the rate of conversion of good steel into 
ferric oxide. The 1949 Conference of the National 
Association of Corrosion Engineers was a well- 
organized forum concerning the technical aspects 
of a great variety of corrosion processes. Held in 
Cincinnati, April 11 to 14, the conference included 
16 technical papers and was held in conjunction 
with an exhibit of materials and protective devices 
by 55 companies. 

The conference began with a symposium on 
corrosion principles. The first lecture, by H. H. 
Uhlig (Massachusetts Institute of Technology), 
was entitled “Why Metals Corrode”. The subject 
matter was essentially p. 1 to 35 of the “Corrosion 
Handbook” without the 133 footnotes. Professor 
Uhlig, like other corrosion engineers, regards cor- 
rosion as an electrochemical phenomenon, but 
within that school there is still plenty of room 
for differences of opinion for instance, concern- 
ing passivity. The second speaker was Hugh J. 
McDonald (Loyola University, Chicago), who 
talked about high-temperature corrosion. This 
was the only paper on corrosion by hot gases and 
was primarily a discussion of experimental work 
sponsored by the Office of Naval Research. 

Most of the remaining sessions were arranged 
by incustries — chemical, electrical and commu- 
nications, pulp and paper, transportation, oil, gas, 
and general industry. There were also sympo- 
siums on cathodic protection, protective coatings, 
and salt water corrosion. Almost any engineer or 
metallurgist could find at least one session of 
interest. 

In the group of papers concerning corrosion 
problems in the chemical industries, Professor 


McDonald (Loyola) described a device known as 
the pulse polarizer, which has been used to replace 
conventional weight-loss corrosion tests (dunking) 
under a wide variety of conditions. The chief 
merit of the pulse polarizér is as a time saver. 

Kempton H. Roll (Lead Industries Assoc.) 
reviewed the physical and corrosion characteristics 
of lead in the chemical industry, with particular 
emphasis on the methods best suited for fabri- 
eating, joining and installing lead in chemical 
equipment. One sulphuric acid plant was men- 
tioned in which the lead lining of reaction cham- 
bers decreased in thickness by only 1/128 in. 
during 47 years of service, an average penetration 
per month of 14 x 10° in. 

W. Z. Friend and J. F. Interna- 
tional Nickel Co.) summarized the results of cor- 


Mason, Jr. 


rosion tests made in operating equipment in soap 
and fatty acid plants during the past ten years. 
A wide variety of ferrous and nonferrous metals 
were tested. R. J. Paul (Emery industries) also 
discussed corrosion in the fatty acid industry; his 
report was in terms of results of operating specific 
equipment under plant conditions, rather than in 
terms of quantitative data on corrosion rates. 

G. E. Hutchinson (Remington Arms Co.) and 
P. H. Permar (E. I. du Pont de Nemours & Co.) 
described the corrosion resistance of commercially 
pure titanium, a metal that was dealt with in 
some detail in the February and March issues of 
Metal Progress. New data presented in Cincinnati 
included preliminary laboratory results on the 
corrosion resistance of titanium in some liquids 
typical of those handled in the chemical process 
industries. Titanium is similar to austenitic stain- 
less steels in its resistance to many of these solu- 
tions but the similarity is not complete; for 
instance, titanium is highly resistant to water- 
saturated chlorine but is attacked by concentrated 
sulphuric acid. 
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The symposium on cathodic protection (four 
papers) concerned a subject that has been of 
active interest to the N.A.C.E. ever since the Asso- 
ciation was organized in 1943. Six papers scat- 
tered through other symposiums also dealt with 
cathodic protection. The beginnings of this method 
can be found in two papers published 125 years 
ago by Sir Humphrey Davy, who stated: “It will 
be unnecessary for me to dwell upon the econom- 
ical results of this discovery . or to point out 
its uses.”” Sir Humphrey would be gratified if he 
could see how extensively his discovery has been 
applied.* The N.A.C.E. papers on cathodic pro- 
tection concerned chiefly underground pipelines 
in the oil and gas industries, public utility cables, 
and steel piling in sea water. 

Another old subject is galvanizing. Despite 
the long history of successful use of galvanized 
iron and steel products, there is still much to be 
learned about the protection afforded by zinc coat- 
ings in specific environments. This was demon- 
strated in the paper on electrochemical behavior 
of zine and steel in aqueous mediums, by R. B. 
Hoxeng (Case Institute of Technology) and C. F. 
Prutton (C. F. Prutton & Associates). The lab- 
oratory data of these investigators show that under 
certain conditions of electrolyte composition and 
temperature, zinc may become cathodic to steel. 
A qualitative interpretation was presented for the 
observations that chloride and sulphate decreased, 
whereas nitrates and bicarbonates increased the 
probability of reversal in zine-steel couples. 
Although in certain solutions, increasing the tem- 
perature increased the probability of reversal, such 
reversals appear to depend as much on electrolyte 
composition as on temperature. The authors 
pointed out that additional data are needed before 
natural waters can be fully classified as to their 
effect on zine-steel couples such as galvanized 
steel. 


Erosion-Corrosion 


Industrial equipment often fails in an unex- 
pected and rapid manner because of erosion- 
corrosion, which is a combination of mechanical 
wear and corrosion. The protective surfaces of 
the metal are removed because of solids in sus- 
pension, high velocity, impingement, or turbulence, 
and rapid attack often occurs. A paper by M. G. 
Fontana (Ohio State University) and W. A. Luce 
(Duriron Co.) described equipment used for 


*In his 1825 paper on corrosion, Davy made the 
practical observation that nails used for fastening 
copper sheathing “should likewise be of pure copper”. 
This is in tune with the modern slogan, “Fasten 
aluminum with aluminum fasteners”. 


determining resistance to erosion-corrosion and 
included a large amount of test data. Results 
concerned the erosion-corrosion of steel in water 
in the pH range 3.5 to 10, lead and stainless steels 
in sulphuric acid and other corrosives, and some 
data on galvanic action under erosion-corrosion 
conditions. Some actual plant failures were also 
described. 

The action of waves and sand, although not 
erosion-corrosion in the usual sense of that term, 
causes abrasive wear and corrosion of beach piling. 
C. W. Ross (Department of the Army) described 
the results of a cooperative study by five steel 
companies and the Beach Erosion Board of the 
Army Engineers. Tests on five sheet steel groins 
were in progress from 1937 to 1946, with 39 
inspections during that time. Abrasion of the 
steel by sand, which was moved back and forth 
by the waves, was the chief factor in deterioration 
of the groins. The approximate rates of loss of 
steel were: 0.001 in. per yr. for the part of the 
groin covered by sand, 0.011 in. per yr. for the 
part exposed to the air, 0.005 in. per yr. when 
subjected to wetting and drying in the tide zone 
(but not in the abrasion zone), and 0.09 in. per 
yr. for the most severely abraded portions of the 
groin. 


Automobile and Railroad 


The transportation industry has its corrosion 
problems, as all who drive automobiles are aware. 
C. L. Altenburger (Great Lakes Steel Corp.) dis- 
cussed some of the factors influencing corrosion 
in the automobile body. He described tests made 
by attaching panels to the under side of a car 
and then driving over wet roads. In these tests, 
the exact position of the specimen made a large 
difference in the results. Specimens separated by 
only a few inches on the under side of the car 
showed significant differences in corrosion. The 
content of residual copper in the steel (for 
instance, whether 0.01 or 0.1%) is effective also, 
but is less important than the location on the 
automobile body. 

Papers by H. F. Brown (New Haven Railroad) 
and G. M. Magee (Association of American Rail- 
roads) presented data obtained through investiga- 
tions carried out by the engineering division of 
the Association of American Railroads. H. F. 
Brown's paper dealt with the corrosion of ferrous 
and nonferrous alloys in smoky atmospheres, in 
three different locations — Norfolk, Va., Welch, 
W. Va., and New Haven, Conn. Some of the tests 
have been underway since 1930 and all the speci- 
mens were exposed for more than five years. 
Detailed reports of this study can be found in the 
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proceedings of the Electrical Section of A.A.R. 
from 1932 to 1947. 

The other paper based on A.A.R. data con- 
cerned the electrolytic corrosion of steel in con- 
crete, as determined from comprehensive field 
tests. A rather surprising development of the 
tests was the discovery that, in addition to electro- 
lytic corrosion of the steel, the concrete itself was 
seriously deteriorated in many specimens. The 
concrete specimen, acting as an anode, attracted 
negative sulphate ions from the ground to its sur- 
face in accelerated quantities resulting in severe 
deterioration. In the experiments, only asphalt 
membrane surface waterproofing of the concrete 
specimens was found to be really effective in pre- 
venting corrosion of the steel and deterioration of 
the concrete 


Aluminum Alloys 


A paper on resistance to corrosion of cast and 
wrought aluminum alloys in sea water, by J. L. 
Basil and W. C. Stewart (U. S. Naval Engineering 
Experiment Station) was of considerable interest 
to metallurgists. Six aluminum sand casting alloys 
and nine wrought allovs were tested in sea water 
at Kure Beach, N. C., in brackish Severn River 
water and in fresh water at the Experiment 
Station, Annapolis, Md. Three types of testing 
apparatus were used: (a) Rotating disk erosion- 
corrosion apparatus, (6b) circular path apparatus, 
and (c) aspirator-type jet-impingement apparatus 
Erosion-corrosion damage was severe in all tests 
at 27 ft. per sec., excepting tests in fresh water. 
Damage was generally greater in shallow. sea 
water, with entrained air bubbles, than in deep 
water, without air bubbles. Since the temperature 
of the shallow water tests was 10 to 20° F. higher 
than deep water tests the greater corrosion damage 
eannot be attributed to air bubbles alone. All east 
alloys except alloy 214 were attacked severely by 
intergranular corrosion, some specimens to such 
an extent that they were broken during the test. 
In some specimens, where a core material of a 
clad specimen was exposed at the edges, galvanic 
corrosion also contributed to the total damage. 
Results of the circular-path tests were comparable 
with those of rotating disk erosion-corrosion 
except that no destruction by erosion was observed 
The jet-impingement test was conducted using sea 
water at Kure Beach with water impinging on 
the specimen at a velocity of 12 ft. per sec. This 
test was designed to determine the resistance to 
film breakdown and pitting attack under the 
action of an impinging water stream which also 
contained a small percentage (2.79%) of air. Most 
of the alloys tested experienced considerable 


contact and general corrosion. The test results 
indicated that most of the alloys would not be 
suitable for continued exposure in sea_ water, 
especially when the water is in turbulent flow. 
Corrosion damage was generally greater in sea 
water than in brackish river water, but was of 
similar form in both waters. In fresh water, 
corrosion damage was slight. 

L. W. Smith (Cornell Aeronautical Labora- 
tory) presented systematic data on the corrosion 
of fusion welded 24S, 61S and 75S aluminum 
alloys. The tensile strength of the welded speci- 
mens was measured for both bare and clad alloys 
after exposure to corrosive mediums in the 
as-welded, aged and reheat treated conditions. 


Various Practical Problems 


In most of the papers on corrosion in salt 
water, specific practical problems, rather than lab- 
oratory data, were discussed. This can be judged 
from the following titles: Deterioration of Steel 
Sheet Piling Groins at Palm Beach, Fla.; Corrosion 
and Protection of Offshore Drilling Rigs; Cathodic 
Protection of Steel Piling in Sea Water. In fact, 
about one fourth of the papers presented on all 
subjects might be described as falling outside the 
domain of laboratory testing and relating to field 
or plant experience and specific protective meas- 
ures for existing structures. Citation of a few 
more titles will illustrate the group: Correlation 
Between Corrosion Survey Results and Actual Pipe 
Condition as Determined Through 132 Miles of 
Continuous Reconditioning [of Petroleum Pipe 
Line}; Experience and Economic Benefits From 
Cathodie Protection on Gas Distribution Systems; 
Preparation of Pipe Surface During Recondition- 
ing for Bitumen Coating; and Field Experience 
With Corrosion Protection of Galvanized Steel 
Substation Structures. 

One of the official objectives of the N.A.C.E. 
is to promote methods of control of corrosion. 
That this important objective is receiving atten- 
tion was amply demonstrated by the number of 
papers dealing explicitly with the various means 
of preventing or controlling corrosion. At least 
fifteen papers were of this kind. Some of the 
protective measures reported were: Electrolysis 
drainage wires, petroleum-base rust preventives, 
porcelain enamel, priming paint, cationic chemical 
pretreatment, antimony trichloride added to cata- 
lvsts for inhibition of corrosion, neutralizers added 
to oil-cracking units, bituminous coatings, chro- 
mates and alkalis as inhibitors in gas-condensate 
wells, the “flow cast” method (of applying pro- 
tective coatings), and Alpeth (involving a_ poly- 
ethylene jacket for telephone cables). eo 
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HOW NEW BRITAIN AUTOMATICS 
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"The use of nickel alloy 
steels & anda irons in the 


construct ion of these Output soars... and costs drop... when automatics main- 

yes machines has re- tain accuracy at the high machining speeds permitted by 
1 carbide tooling. But... only extremely rugged machines 

; an extreme y ' he igpees : 

sulted ir can utilize carbide-tipped tools to maximum advantage be- 

rigid, powerful ma= cause they demand rigid, heavy mountings . . . steady feed 

chine tool with poth at constant high speeds ... no backlash in cams, followers, 


initial and permanent rollers, shafts or gears. 


acy And these essentials can be assured by massive design 

accure ‘ incorporating nickel alloyed steels and irons, as exemplified 

NEW BRITAIN MACHINE COMPANY by the new automatic screw mat hine. shown above, built 
by New Britain-Gridley Division, New Britain Machine 
Company, New Britain, Conn. 





Some 244 parts are produced from nickel-molybdenum 
steels, heat treated to provide an optimum combination of 
strength, toughness and wear resistance. In addition, vital 


cast components are produced in nickel-molybdenum iron 
Over the years, International Nickel has accumulated a fund of to assure good wear resistance and machinability. 
useful information on the properties. treatment, fabrication and 
performance of engineering alloy steels. stainless steels, cast 
irons, brasses, bronzes, nickel silver, cupro-nickel and other allovs in vour equipment. W e invite inquiries regarding 
alloys containing nickel. This information is yours for the ask- . 


ing. Write for “List A“ of available publications. specific applications. 


THE INTERNATIONAL NICKEL COMPANY, INC. icv ors xy 


NEW YORK 5, N.Y. 


For dependable, trouble-free performance specify nickel 


May, 1949; Page 664-A 








Graphitization Rating Chart 


By D. B. Collyer and J. O. Light, National Tube Co. 
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1) 


(> RATING of dispersed graphite is carried out 
by (a) comparing the particle size in a micro- 
scopic image at 500 diameters magnification with 
the above chart, and (bh 


number of 


counting the actual 
particles in a 4x5-in. field on a 
ground glass sereen. The rating is reported with 
a prefix indicating the number of particles. 
\ vating of 10C indicates the presence of 10 
particles of the above size “C” in the 4x9-in. 
field. 


should 


For dispersed graphite, the microscopist 
report the average ol the live 
severely sraphitized fields 


most 


Graphitization may occur selectively in the 
heat-allected area of a weld, in which circum 
stance individual zones should be defined in the 
heat-alfected area and separate ratings applied 
to each zone. 


Fr 

Each successive rating represents a log 
arithmic increase in’ graphite volume for an 
individual nodule. For example, an “E” nodule 
is 10 times the volume of a “D” nodule; is 10 
times the volume of a “C™ nodule, and 100 times 
the volume of an “A” nodule.* Larger graphite 
nodule sizes G, H, J, and K should be rated at a 
magnification of 100 diameters (instead of 500 
in a 4x5-in. field and using nodule sizes C, D, 
EK, and F respectively in the above chart. The 
prefix should be the number of nodules at 100 
bx 5-in. field divided by 20. 
\ rating of OAH, for example, indicates the 
presence of ten particles of size “D” in a 4\5-in 


field at 100 diameters. 


diameters in the 


*See “Graphitization of Steel at Elevated Tem 
peratures”, by A. B. Wilder and J. D. Tyson, Trans 
actions, &, V. 40 (1948), p. 233. 
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We call Allegheny Metal “the time-tested stainless steel”? because 
it’s the pioneer in America, but time hasn’t really tested it yet. 
Neither we nor anyone else knows how long stainless steel will last. 
The earliest installations of Allegheny Metal—made more than 20 
years ago—are just as bright, strong and resistant as when new. How 
ean you defeat a metal that doesn’t wear out and can’t wear off? 
® More important, how and where can you use it to advantage, today? 


wend ai7s5 


Complete technical and fabricating data—engineering help, too-—yours for the asking. 


A ILEGHENY LUDLUM STEEL CORPORATION 


sburgh, Penna. . dong a in Principal Cities 


Allegheny Pre is rrp Oe by all Jos. T. Ryerson & Son, inc., Warehouses 
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Sneed 


Accuracy 
bionvenience 


I hree important advantages you'll find in the 
Bausch & Lomb Research Metallograph ...a 
product of years of research and development 
in close association with leading American 
metallurgists. Speed, accuracy and conven- 
ience that bring you all round superior perform- 
ance in visual observation and photomicro- 
graphy for research or routine production. 
You get homogeneous plane-polarized light 
over the fu// aperture of the objective. You can 
do critical work with bright field, dark field, 
or polarized light. You change from one to 


B&L Research Metallograph in use at 
Rome Cable Corporation, Rome, N.Y. 


IN METALLOGRAPHY 


another quickly, conveniently. These are ad- 
vantages of the Foster Prism and illuminating 
system, an exclusive patented feature of the 
B&L Research Metallograph. 

You get clearer, sharper visual and photo- 
micrographic images ... greater image con- 
trast with Balcoted optics. 

Extra stability saves time, saves work, and 
makes for greater accuracy. Permanent align- 
ment of all elements is secured by mounting the 
metallograph components on a massive, stur- 


dily-built stand with built-in shock absorbers. 


y 5 
vir for complete informa- 
tion and detailed literature to 
Bausch & Lomb Optical Co., 638-1 
$t. Paul Street, Rochester 2, N.Y 


Bausch & Lomb Reseach Metallograph 
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THE SIGMA PHASE IN 





STAINLESS STEELS 





‘te SIGMA PHASE in iron- 
chromium alloys has been an elusive constituent. 
Up to 1931 seven authorities had denied its exist- 
ence, whereas six averred its reality. Unfortunately 
for the metallurgical industries the existence of 
sigma phase has now been fully established. 

Valuable historical reviews have been pub- 
lished by Monypenny in 1940 and Foley in 1945.* 
This short paper attempts a restatement of the 
salient features of the sigma phase, supplemented 
by more recent results. 

Sigma has a complex crystal structure of low 
symmetry. The difficulty of obtaining a suitable 
single crystal for X-ray diffraction analysis has 
so far prevented a complete determination of this 
structure. Sully and Heal, and also Elsea, Wester- 
man and Manning,? have reported a phase isomor- 
phous with sigma, in the cobalt-chromium system 

In the binary iron-chromium system (see p. 
1194 of the 1948 @ Metals Handbook) sigma does 
not form above about 1500° F., and the pure phase 
contains nearly equi-atomic proportions of iron 
and chromium. Additions to iron-chromium alloys 
of moderate amounts of nickel, molybdenum, 
manganese and silicon promote the formation of 
sigma. To discuss but one: nickel raises the 
ceiling temperature for sigma formation from 
about 1500 to 1700°F. Nickel also extends the 
alpha-plus-sigma field toward higher iron con- 
tents (until the alloy becomes austenitic) and 

; *“The Brittle Phase in High-Chromium Steels”, 
by J. H. G. Monypenny, Metallurgia, V. 21, 1939-40, 
p. 143 to 148. “The Sigma Phase”, by F. B. Foley, 
Alloy Casting Bulletin, July 1945, p. 1 to 9. 

*“An Electron Compound in Alloys of the Tran- 
sition Metals”, by A. H. Sully and T. J. Heal, Research, 
V. 1, March 1948, p. 288. “The Cobalt-Chromium 
Binary System”, by A. R. Elsea, A. B. Westerman and 
G. K. Manning, Metals Technology, V. 15, June 1948. 
T.P. 2393, 24 p. 
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Director of Research 
William Jessop & Sons Ltd. 
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replaces both iron and chromium in FeCr. (See 
diagram on p. 1261 of the 1948 Metals Handbook.) 

Sigma can form from ferrite, from austenite 
or from a carbide, silicide or other secondary 
phase. Sigma may form from ferrite of the same 
chromium content or, depending on the compo- 
sition of the alloy, it may develop by diffusion, 
leaving a ferrite impoverished in chromium. The 
precipitation of sigma is strongly influenced by 
cold work. Reversion to the body-centered cubic 
arrangement can occur readily during reheating. 
This behavior is in fundamental contrast to the 
more usual intermetallic compounds such as 
Fe,W, and Fe,Mo,, which always differ in com- 
position from the matrix and can form only with 
marked diffusion. The brittle phase FeV in the 
iron-vanadium system is of the same type as FeCr. 

When sigma forms from a complex austenite 
it always differs widely from the parent phase in 
composition. When formed in commercial stain- 
less steels sigma contains 14% to 24 times as much 
chromium as the matrix from which it precipi- 
tates. Thus, there will always be microsegregation 
of chromium atoms during the formation of sigma 
from austenite, and a long time will be required 
for diffusion. Microradiography has been used to 
detect this composition change: differential X-ray 
absorption reveals areas high in chromium. 

The precipitation of sigma usually hardens 
the alloy. Microhardness tests have shown that 
a hardness of at least 500 Vickers is attained 
with a mixed sigma-plus-gamma structure for an 
alloy having a general matrix hardness of 300 
Vickers. This suggests that the pure sigma might 


be as hard as 800 Vickers. It should be noted 
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further that apart from the intrinsic hardness of 
sigma, there is a stress hardening of the matrix as 
a result of the difference in volume between sigma 
and the phase from which it was derived. A given 
number of atoms in the precipitate occupy a 
greater volume than before transformation, and 
this volume is therefore under compressive stress 
in the parent matrix (either ferrite or austenite). 
Such a condition of stress is confirmed indirectly 
by the frequent observation of micro-cracking in 
the particles of sigma exposed by polishing and 
etching for microscopic examination. 


Sigma in 18-8-Mo 


It has been assumed for a long time that the 
standard 18% chromium, 8% nickel austenitic 
steel has been free from sigma embrittlement 
under all conditions of use normally experienced. 
It has, however, been realized increasingly that 
this steel, although nominally austenitic, can 
retain appreciable percentages of ferrite and, 
indeed, ferrite is produced when the steel is 
heavily cold worked. Heating to temperatures as 
high as 1650° F. normally reduces the percentage 
of ferrite without causing formation of sigma. 

In the chemical and allied industries, acid 
resisting austenitic steels have been developed 
containing up to 3% molybdenum and 142% 
titanium or columbium. Molybdenum is added to 
confer corrosion resistance and titanium or colum- 
bium is added to stabilize the residual carbon and 
to facilitate welding. Only recently has it been 
more widely realized that the 18-8-3-1 steel can 
and does form sigma in appreciable quantities 
under conditions of prolonged heating that are 
by no means rare. Recent work by A. W. Kirkby 
and J. I. Morley,* shown in Fig. 1, portrays the 
variations in hardness and magnetic permeability 
during a reheating period of 1 hr. for a wide range 
of temperatures. These workers attributed the 
main peak to the sigma phase, and the lower 
peak at 930° F. to the precipitation of titanium 
carbide. The magnetic changes also demonstrated 
convincingly the transformation of the magnetic 
complex ferrite to the nonmagnetic sigma, which 
probably has a permeability of less than 1.0005. 

Figure 2, showing the results of bend tests, 
indicates the deleterious effect on ductility of the 
same conditions of heating. In Fig. 3 the hard- 
ness and magnetic permeability are shown as a 
function of time for heating at the worst operating 
temperature, 1560°F. Additional work by L. Smith 


*“Formation of Sigma Phase in Cr-Ni-Mo Cor- 
rosion Resisting Steels’, by H. W. Kirkby and J. I. 
Morley, Journal of the Iron and Steel Institute, V. 158, 
1948, p. 289. 


and K. W. J. Bowen? on a similar steel, showed 
similar behavior. The specimens of Fig. 4 were 
heated at the temperature stated for 4-hr. periods 
and were then cooled in air. Magnetic measure- 
ments again show a strong tendency toward loss 
of effective permeability during the formation of 
sigma. These authors checked the embrittlement 
by Izod impact tests, with results as plotted in 
Fig. 5; the maximum embrittlement is coincident 
in temperature with minimum permeability and 
maximum loss of weight in 25% sulphuric acid 
at 104° F. (Fig. 6). Smith and Bowen concluded 
that the presence of sigma did not reduce the 
corrosion resistance seriously in mediums in 
which the steel would normally be used. The 
corrosion resistance was, however, reduced greatly 
in strong sulphuric acid attack (Fig. 6). 

An interesting example of the deleterious 
effect of sigma that forms from an austenitic 
matrix is seen in Fig. 7, which gives comprehen- 
sive data on a 25% chromium, 22% nickel steel 
held at different temperatures for 50, 100 and 
200 hr. The increase in hardness is consistent 
with the decrease in ductility as judged by bend 
tests. In the ternary phase diagram, this stainless 
steel lies near the gamma-plus-sigma boundary. 

The chief objection to sigma phase is that it 
increases brittleness and, in some steels, may 
seriously decrease the creep strength. As an 
extreme example, sheets of low-carbon 27% chro- 
mium steel can break like plate glass when 
dropped a few feet onto the floor, after being 
held for 500 hr. at 1350°F. Another sheet of 
stainless steel cracked when being dished hot 
under a forming press, although normally this 
same steel underwent the same process success- 
fully. Catastrophic failures in service as a result 
of severe embrittlement have been few and far 
between, but increasing knowledge of potential 
troubles has stimulated intensive inquiry and 
more widespread research. Some brave thinkers 
are now attempting to turn the handicap of sigma 
into an advantage by forming sigma intentionally 
in order to stabilize the creep of certain alloys 
for long-term service at elevated temperatures. 

Sully and Heal have suggested that the 
structure and properties of sigma may result from 
the ratio of valence electrons to atoms in the 
structure. We hope that the time is not far 
distant when some profound physical metallurgist 
will show us how to add or subtract a few 
electrons in stainless steel in order to preserve the 
virtues and banish the vices of the sigma phase. @ 
, +“Occurrence and Effects of Sigma Phase in a 
Mo-Bearing Cr-Ni Austenitic Steel”, by L. Smith and 
K. W. J. Bowen, Journal of the Iron and Steel Institute, 
V. 158, 1948, p. 295. 
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CLEANING ALUMINUM 





SHEET PRIOR TO 





SPOT 


WELDING~—II 





’ 

( AONTINUING the review of war- 
time researches on the spot welding of aluminum, 
particularly as it relates to the cleaning of alclad 
prior to welding, the topic of degreasers will now 
be considered. 

W. F. Hess and his associates at Rensselaer 
Polytechnic Institute also made a close study of 
degreasers (see Reference 2, p. 522 of the April 
issue). 

Degreasers are of two kinds: (a) organic 
solvents and (b) aqueous chemical solutions. The 
organic solvents remove the grease and oil satis- 
factorily; however, the surface still has a “water 
break”. The chemical cleaners, most of which are 
operated hotter than 180°F., give no “water 
break”, and this assists the operator as it is a 
ready means of knowing whether or not the sheet 
is clean. Some chemical cleaners also strip paints. 

The chemical cleaners contain either sodium 
phosphate (Na,PO,) or sodium carbonate (NaCO,) 
or both, plus some soluble silicate, The reason 
for this silicate is that solutions with a pH over 
8 will attack aluminum, but the SiO, ions in the 
soluble silicates form a protective film on the 
surface. Some degreasers contain soap as part of 
their active agents; they are not so satisfactory, 
as they always leave a “water break” surface 
and tend to form a surface scum. 

Since the complete removal of all grease is 
required, it is usually necessary to swab or brush 
the metal with the solution. It is sometimes 


necessary, When removing very heavy grease such 





By Gerard H. Boss* 
Naval Air Material Center 
Philadelphia Naval Base 





as is applied for deep forming, to use an organic 
solvent first, followed by the usual alkaline 
solution. 

After degreasing is complete, the material 
should be rinsed in hot water. This water must 
be fresh 


rinse after degreasing was thoroughly investigated 


constantly changed. The use of a hot 


at Rensselaer and the results are quoted in 
teference 4. Tests were made on metal degreased 
in either chemical cleaners or acetone. If speci- 
mens cleaned in acetone were put in boiling water 
for as short a time as 1 min., then the surface 
had a resistance of 600 microhms after the final 
deoxidizing treatment. On the other hand, speci- 
mens degreased in an alkaline bath containing 
soluble silicates were in boiling water for as long 
as 16 min. and after the usual deoxidizing treat- 
ment, their resistance was under 35 microhms. 
Electron diffraction studies of the high resistance 
surface, degreased in acetone, revealed the presence 
of a film of hydrated aluminum oxide, Al,O, - H,O, 
in such mineralogical form as to resist the acid 
deoxidizing solutions in use. 

Immersion for 10 min. in the hot alkaline 

*The opinions contained in this article are those 
of the writer, and not necessarily the official views 
of the U. S. Navy. 
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degreasing solution caused 





no ill effects during sub- 
sequent deoxidizing treat- 
ment of the sheet. 

As part of the work 
reported by Wyant and 
his associates in Reference 
4, tests made on 
metal that was delayed in 
rinsing after the degreas- 
ing operation. If the metal 
was allowed to dry thor- 


Soluti 


were 





oughly before deoxidizing, 
the final resistance was 
raised 40 microhms. This 


Surface Resistance, Microhms 
T 
= eS 





‘3% He StF 


} Lin Airtt 


+ Heat Jreated: 
in Nitrate jy 


Specimens for all this 
work were first degreased 
in either an alkaline or 
a vapor degreaser. Good 
weldable surfaces resulted 
from the use of a fluoride 
salt, plus an acid such as 
acetic or sulphuric, along 
with a wetting agent. The 
active agent of such solu- 
tions is hydrofluoric acid; 
the added acid is not crit- 
ical, as anything from 1 


/ 3 
ki Heat Treated 





to 10% is satisfactory, but 
the floride content is very 





demonstrates the impor- 


tance of quick transfer 


Time of Treatment. Min 





critical. For example, the 


content of sodium fluoride, 





from the alkaline degreas- 
ing tank to the hot water 
rinse. It was also reported 
that the resistance of 


Fig. 9— Action of Cold ".) 3% 
Solution of H.SiF, on Removing Sur- 
face Oxide From 0.020-In, Alclad 24 §-T 


NaF, must stay between 
0.05 and 0.2%. 
Among the nonpro- 


prietary chemicals studied 





deoxidized specimens re- 
dipped in an alkaline 
degreaser rose to 214 microhms. If deoxidized, 
then dipped in acetone or exposed to trichlor- 
ethylene vapor, there was no change in surface 
resistance; however, immersion in carbon tetra- 
chloride added 7 to 24 microhms to the resistance. 

Occasionally, some sheets cannot be degreased 
adequately. This is apt to occur if the material 
is heat treated with grease or heavy oil on its 
surface; the carburized or cracked grease “burns” 
into the sheet. Another cause of improper clean- 
ing is an advanced stage of water stain; this is 
formed when wet sheets are stacked without pro- 
visions for drying. Chemicals are then useless; 
all such metal must be cleaned mechanically. 

Dr. Hess did not investigate all the cleaning 
compounds on the market. However, the paper 
recommends materials conforming to Navy speci- 
fication C-67-C, Oakite 81 and the proprietary 
compounds known as Kelite KDL No. 1. This 
reviewer has also found the “Diversey” cleaner to 
be satisfactory. 


Room Temperature Deoxidizers 


Reference No. 3 reports some searches for a 
deoxidizer which would operate at room temper- 
ature. Hot deoxidizers usually need more elab- 
orate ventilation; also the heating of the solutions 
is something of a problem, as they are corrosive. 

“Turco Koldweld Process” makes a. satis- 
factory surface in 5 min. on 0.020-in. and in 7} 
min. on 0.064-in. stock. “Kelite K-1” provided 
satisfactory surfaces, but required 15 to 20 min. 
for 0.020-in. and up to 30 min. for heavier gages. 


with varying degrees of 
completeness were the 
following acid solutions (in water) : 


1. 3.1% by weight fluoboric acid, HBF,; 2: 
by volume of hydrofluoric acid, HF; and a wetting 
agent. This solution appeared to be satisfactory. 

2. 3.1% boric acid, H.BO.; 1% sodium flu- 
oride, NaF; 1% chromic acid, H,CrO,; and a wet- 
ting agent. This solution has the advantage that 
all chemicals are solids and safe to handle. This 
solution performed satisfactorily also. 

3. Phosphoric acid, H,PO,, solutions make a 
satisfactory cold deoxidizer except that the 10% 
solution is too slow and the activity of the 15% 
solution is affected by its syrupy viscosity. Also, 
a surface treated with H,PO, tends to get tacky 
and to take on a milky appearance. 

4. A hot 4% phosphoric acid was too fast, and 
overtreated the metal in 4 min., while a 1% solu 
tion was slow in action. Its minimuin surface was 

60 microhms, which is too high. 

5. A mixture of 10% phosphoric and sulphuric 

acids was not very good. 

6. A hot mixture of phosphoric and chromic 

acids (dilute solution) had no action on the metal. 

Some of these could be developed into very 
good deoxidizers; indeed, this has been done 

It is now opportune to consider H.SiF,, the 
hydrofluosilicic acid solution developed at Rens- 
selaer Polytechnic Institute. The acid is pur- 
chased in rubber drums or tarred barrels, the 
commercial solution containing 27 to 30° acid. 
This acid reacts like hydrofluoric acid with most 
inorganic substances, but it is not nearly so 
harmful to the body. Surface resistance is plotted 
in Fig. 9 against time of immersion in 3% solution 
of the commercial acid, plus a wetting agent. 
It will be noted that the curve for alclad heat 
treated in a nitrate bath has a long minimum at 
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8 microhms. (The difference between heat treat- 
ments will be discussed later.) 

The activity of this bath is not appreciably 
affected by variations in the temperature range 
70+10°F. There are no harmful fumes, and 
the bath is not dangerous to work with. Since it 
is a simple acid, it can be controlled by pH 
measurements. Titrating is done with quinhydrone 
electrodes placed in the solution after 10° min. 
saturation in quinhydrone. 

Through the cooperation of a large aircraft 
company, the investigators at Rensselaer were able 
to try this solution under production conditions. 
The solution was held in a wooden tank and 
operated at) 75°F. Concentration was 1.18%. 
Results were good on all thicknesses of aluminum 
sheet, and the shop reported the same life of 
welding electrode tips as with former cleaners. 

Many people are aware of the excellent work 
done on this and associated problems at Arm- 
strong Cork Co., mainly under the direction of 
G. W. Seott, Jr. This work was reported in 
References 6, 7, and 9. Reference 6 describes the 
procedures tor alelad 24S-T, standardized after 
six months’ investigation. Metal is degreased in 
a hot alkaline bath for 5 min., then rinsed 5 min. 
in air-agitated hot water. Oxide is cleaned from 
the surface in a 1.18% H.SiF, bath containing 
0.1° of a wetting agent. All gages from 0.020 to 
0.129 in. are treated in the bath for the same time. 
The metal is rinsed in agitated cold water and 
allowed to dry in air. Reference 6 lists the follow- 
ing advantages of the H.SiF,, solution: 

1. Low cost of raw materials. 

2. It is simply compounded, and its uniform- 

itv is controlled by the user. 

3. Room temperature operation is more con- 
venient; it eliminates ventilation and temperature 
control equipment. 

4. Simple air drying produces no staining. 

>. Electrode tip life increased 100¢¢ over 
former conditions. (The last mentioned is at vari 
ance with the results reported by the aircraft 
company which cooperated with the Rensselaer 
investigators, although this does not necessarily 
reflect on either observer, since all factories main 
tain their tips in different conditions, and have 
different shop conditions and histories to affect the 
basis of comparison.) 

\ freshly made solution left a black smut on 
alelad 24S-T. 
the rinse water. Reference 6 states that Armstrong 
Cork Co. was also able to clean 61S-W alloy sheets 
successfully in the H.SiF,, solution. However, Dr 
Scott has informed the present reviewer that this 
success with H.SiF,, solution on 61S-W alloy was 


This smut was easily removed in 


limited strictly to work cleaned in laboratory 
beakers; they were never able to use H.SiF,, satis- 
factorily on 61S-W alloy in shop tanks. 


Commercial Cleaning Practices 


Reference 14, which was published in January 
1945, gives the results of a questionnaire mailed 
to 50 aircraft companies, 30 of whom answered, 
with more or less particularity. For the removal 
of heavy grease, such as is used in stretcher form- 
ing, 17 companies reported the use of trichlor- 
ethylene vapor at 180 to 200° F. Lighter soil is 
removed by the alkaline degreasers at tempera- 
tures between 140 and 190° F. Eleven companies 
rinse with unheated water, while five heat the 
water. Most companies using a vapor degreaset 
prefer to follow it with a treatment in an alkaline 
degreaser, despite research reports to the effect 
that vapor degreased surfaces can be deoxidized 
satisfactorily. 

On bare 24S-T alloy, nine plants used an 
acidic deoxidizer, while two used an alkaline type. 
For deoxidizing the surface of alclad 24S-T, ten 
companies reported the use of “Oakite 834A”, four 
used hydrofluoric acid, four used “Kelite K-1" 
two used a hydrofluoric acid solution, two used 
“Diversey DC-1", three used “Oakite 30°, and 
one used sodium hydroxide solution. A comparison 
of tip life as related to the several deoxidizers 
was also reported in this paper (see Table 1, 
below These results are not directly comparable, 
because most companies reported experience with 
only one deoxidizing solution 


Table 1— Spot Welds, Tip Cleaning to Tip Cleaning 





DrEONIDIZERS 
Hypnornt 
GAGE 


or 2458-1 


OSILICKH 


AcIp 


“OAKITI 
S4A""* 


Ilypro 
FLUORIG ACID 


0.020 in. 150 62 150 
0.040 165 nO 60 
0.064 110 30 53 











* Average of six companies. 
Average of three companies 


fTAverage of two companies. 


Reference 15 describes a’ solution which 
accomplishes the degreasing and deoxidizing 
operations in one tank. This solution consists of 
phosphoric acid and “butyl cello-solve”; it cleans 
and etches in one operation. It is never dumped 
out, but additions are made to replace dragout, 
and the solution is filtered occasionally 

A successful composition based on similar 
reagents used elsewhere is 25% ethylene glycol 
mono-ethyl ether (“cello-solve”) ; 25% phosphoric 
acid (technical grade); 50° water. 

Most alloys when treated in the above solution 
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require a quick dip in 40% nitric acid to remove 
smut. Thus, two tanks of chemical solutions are 
required. The only alloys which can be treated 
in the above solution without the nitric acid dip 
are the common alloys 2S, 3S, and 52S, but these 
alloys can be spot welded satisfactorily without 
any deoxidizing treatment! 

In the preparation of this review, question- 
naires were sent to a number of aircraft com- 
panies asking for information on plant practices. 
From the response to these questionnaires some 
idea of the most recent practice was obtained. 

Among the larger 
airplane companies, either 


Influence of Prior Heat Treatment 


All the Rensselaer Polytechnic Institute's 
reports on the cleaning of aluminum sheet men- 
tioned the different reactions of aluminum alloy 
sheet to the deoxidizing solutions when the metal- 
lic samples were heat treated in nitrate baths and 
in furnaces with air atmospheres (compare Fig. 9). 
Earlier work had shown that the effect was the 
more noticeable as the sheet became thinner 
0.032 in. seemed to be the line of demarcation. 
In view of its confinement to the lightest sheet 
gages, it was natural to 
base any investigation on 





hydrofluosilicic acid or 


the probability of diffu- 





some commercial product 
is used. 


8 
S 


Minor use is 
also made of some of 
the other solutions men- 


S 
S 


tioned in the reports 
from Rensselaer Poly- 
technic Institute. One 
important company is 


8 


using a solution consist- 
ing of 10% nitric acid 
and 2% sodium fluoride: 
another is using a solu- 


§ 
S 


tion of sulphuric acid, 
sodium dichromate, and 
hydrofluoric acid. Both 
the above baths operate 
at room temperature. 


Faying Surface Resistance, Microhms 
nN 2 
S 
S S 





, + ; 
Solution : 
12% HNOs +02 % HF 
} 1 70 °F 4 } } 


sion of copper through 
the very thin layer of 
pure aluminum on the 
surface of the alclad, 
since sheets treated in air 
furnaces are soaked much 
longer at solution temper- 
ature than they are in a 
salt bath.* It is known 
that sheets treated in air 





furnaces are much more 
susceptible to such diffu- 
sion of copper through 
the alclad. It was found 
that if 0.020-in. sheets 
were held in the salt bath 
for longer times, they 








The practices de- 
scribed in the above par- 
agraph are by companies 


Time of Immersion, Min 


behaved exactly like air 
treated stock Further- 
more, sheets of the pure 





which employ the best 
welding engineers. It can 
be presumed that they 
are all the outcome of 


of 0.040-In. Alclad 


much thought and expe- 


Fig. 10 — Results of Chemical Precleaning 
248-T in 12% HNO; 
Plus 0.2% HF. Courtesy R. Nixon, Alumi- 
num Co. of America Research Laboratories 


aluminum used for clad- 
ding the metal, heated in 
either air or salt bath, 
behave exactly alike in 
the deoxidizer tank. 





rience. On the other 
hand, several of the 
smaller companies are using alkaline solutions for 
deoxidizing, even though the Rensselaer experi- 
ments mentioned previously have proved the 
inadequacy of such solutions. 

In the New Kensington plant, the Aluminum 
Co. of America uses a cold solution made up of 
12% nitric acid and 0.2% hydrofluoric acid. This 
solution is described as being suitable for all 
aluminum alloys, clad, and unclad. Figure 10 is 
a curve of the surface resistance of 0.040-in. alclad 
24S-T, plotted against time of immersion in the 
Alcoa solution at room temperature. This solu- 
tion is described in Reference 13 also, and it is the 
only cold etch known to this reviewer which can 
be used on all alloys. 


Professor Hess and 
his associates are of the 
opinion that irregular copper diffusion is the 
cause of all the trouble; that is, the copper does 
not diffuse to the surface uniformly. The local- 
ized arezs of higher copper content act as cathodes 
to the neighboring areas of low copper content, 
which thus speeds up the cleaning action. Then, 
when the surface resistance is measured, these 
higher copper areas, not having been attacked in 
the deoxidizer, stick above the surface, and reduce 
the area of intimate contact. As a result of the 
reduced area which carries the current during the 
resistance measurement, the resistance appears to 
be much higher than it really is. 
*For thin sheet, the time in the salt bath may be 
considered the time at temperature. 
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Miscellaneous Observations 


As all workers with aluminum know, the heavier 
gages of metal require more time in the deoxidizer 
than do the thinner. For example, alelad 24S-T 


in either 0.040 or 0.064-in. thicknesses has surface 
resistance of less than 5 microhms when cleaned 
for 8 min. or more (up to 30 min.) in 1% H,SO, 
plus 0.1°¢ NaF at 75°F. A 5'2-min. immersion 
will give equally good results on 0.040-in. sheet 
and the resistance will not exceed 5 microhms, 
but surface resistance of 0.064-in. sheet is then 
about 300 microhms. 

The following points were mentioned in both 
the Rensselaer and Armstrong Cork Co. reports: 

Surface resistance of 61S-W is usually lower 
than that of 24S-T. 

Properly cleaned metal retained its low sur- 
face resistance in the comparatively clear air of a 
laboratory for as much as 10 days, whereas 24 
hr. is the limit in a factory atmosphere. The lower 
the as-cleaned surface resistance, the better its 
keeping qualities. Electron diffraction studies of 
well deoxidized sheet showed no change in surface 
condition after 28 days (Reference 4). 

Metal can be cleaned three times satisfactorily 
with a holding period of 10 days or a week before 
repeating the cleaning cycle. The resistance was 
higher after each recleaning, but after the third 
recleaning, it was still satisfactory. 

As everyone knows, shop work on operations 
such as preweld cleaning is never so precisely 
controlled or managed as is laboratory work. 
Figure 11 shows some tests at Armstrong Cork 
Co. on 0.082-in. alelad 24S-T. To prove that it 
is a matter of personnel, laboratory men prepared 
some samples in the shop tanks (results in the 
middle curve) and the quality of the surface was 
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clearly similar to samples prepared by the same 
men in the laboratory (see bottom curve). 

Some work was done at Rensselaer Polytech- 
nic Institute on the cleaning of assemblies held 
together with “Cleco” fasteners. It was impossible 
to rinse unless 0.040-in. wire spacers were placed 
between sheets and around fasteners. 

Reference 4 reports much fundamental research 
with electron diffraction to study the surface 
films on aluminum before and after various treat- 
ments. The general results have been mentioned 
at various times in the present review. Surface 
films were studied on 2S, bare 24S-T, and alclad 
24S-T. The film on the latter was found to be 
intermediate between 2S and bare 24S-T in its 
electron diffraction characteristics. 

Reference 4 also reported the results of a 
British investigation that obtained low surface 
resistance by quenching the sheet into water from 
the nitrate salt bath. This was not verified, even 
when experimenting with different quenching 
solutions, acidic, basic, and neutral. Potassium 
dichromate or sodium oxide added to the salt bath 
made no difference. Finally, the hot metal from 
the salt bath was quenched in a solution of hydro- 
fluosilicic acid and then rinsed in clear water; 
these results were encouraging but, as far as this 
reviewer is aware, not conclusive. 

Some study has been given to means for 
preserving the chemically cleaned surface. Some 
sheets were properly deoxidized and then coated 
with a thin grease. Fourteen weeks later, the 
sheets were degreased. Results were discouraging. 
Then 0.1 potassium dichromate was added to 
the deoxidizing bath; the treated surfaces were 
again coated with the grease. Later, when the 
grease Was removed by an alkaline degreaser the 
resistance was 167 microhms, by trichlorethylene 

vapor it was 16, and by acetone it was 42. If 
this process could be worked out properly, 
cleaning could be done in the aluminum mill. 
Consumers would not have to install expensive 
deoxidizing equipment; when needed, the sheets 
would merely require degreasing. 

Refereace 16 states that wire brushing pro- 
vides a better surface for welding than any 
chemical cleaner does, because a wire brushed 
surface will give a much larger corona area on 
the resulting weld. (The authors, S$. Wong and 
C. W. Steward, believe that techniques which 
produce a large corona should be adopted.) 
Thus, if metal is welded within 10 min. of wire 





Sheet-to-Sheet Resistance, Microhms 


Cleaning Time, Min 


Fig. 11— Effect of Personnel and Location 
on Cleaning Efficiency (Armstrong Cork Co. 
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Fig. 12— Effect of Temperature of Rinse Water. 
248-T alloy, 0.040 in. thick. Prior history: 5 min. in 
alkaline degreaser, hot rinse,6% min. in H,SiF, solution 








brushing a very large corona is obtained; after 16 
hr. the corona is 35% smaller. F. Keller, metal- 
lurgist for Aluminum Co. of America, informs me 
that, in his opinion, such a surface with low resist- 
ance should give a smaller nugget and a larger 
corona in the resulting weld. However, he doubted 
the high value of the corona. Messrs. Wong and 
Steward believe that spot welds with large corona 
area and small nugget would shear — that is, not 
pull a button—-and should have better fatigue 
strength because of the ductility of the corona 
metal. In the present reviewer's experience, the 
corona always shears on the faying plane, and 
rarely undergoes ductile deformation. 

However, Reference 17 reports the results of 
fatigue tests undertaken at Battelle Memorial 
Institute on wire brushed and chemically cleaned 
sheets. These tests were carried out as recom- 
mended by Mr. Steward, the senior author of 
Reference 16. It was found that a.c. welds, freshly 
wire brushed, were strongest in static shear, while 
d.c. welds, freshly wire brushed, were strongest 
in fatigue. Chemically cleaned d.c. welds tested 
somewhat lower than the others. The Battelle 
researchers measured the corona size and found 
some indication that the corona did improve the 
fatigue strength of the wire brushed a.c. welds, 
but not of the d.c. welds, and the latter were the 
strongest in fatigue. On the other hand, Reference 
18 found no evidence of a relationship between 
fatigue strength of spot welded joints and the 
methods of preweld cleaning. 

The preparation methods used in Germany 
and Great Britain in 1942-1943 were certainly no 
better than the methods in use in this country 
at the same time. The Germans were using a 
10° solution of sodium hydroxide, followed by a 
25 solution of nitric acid. 
if necessary. 


This was repeated 
The British were using hydrofluoric 
acid in gum tragacanth solution. 


Effect of the Final Rinse Water 


Most of this portion of the review is based on 
Reference 8. In all previous cleaning experiments 
at Rensselaer, distilled water was used as the final 
rinse. It was thought that perhaps the different 
waters used throughout the country might have 
an effect. For these experiments, the degreasing 
was done with an organic solvent and deoxidizing 
by hydrofluosilicie acid. All specimens were rinsed 
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with distilied water prior to using the test rinse 
and were finally dried in air. 

Analysis of water from different parts of the 
country led the experimenters to believe that 
solutions containing the following ions singly or 
in combinations were suspicious: Cl, SO,, NO, 
and HCO,. Test solutions were then made up by 
adding sodium salts of these ions in percentage 
slightly in excess of what is found naturally. 

It was found that distilled water and all 
solutions but Troy tap water and the water con- 
taining NO, ions raised the resistance in 30 sec. 
too high for satisfactory welding. If the temper- 
ature of the rinse was raised to 120° F. all waters 
but Troy tap water were bad; at 180° F. the Troy 
tap water was also bad. 

If acids (H.SiF,, or H.SO,) were added to the 
rinse waters for a pH of 4, they all were satisfac- 
tory. Under industrial conditions, it is rather 
inconvenient to maintain the pH of the rinse water 
below 4. Fortunately, it was found that if 0.1% 
potassium dichromate were added to the deoxidiz- 
ing solution, it was not necessary to watch the pH 
of the rinse water. From the production standpoint, 
the addition of K,Cr.O, to the deoxidizer offers no 
difficulties, and it will protect the metal from the 
action of rinse water whose temperature is up to 
80° F. for ordinary rinsing times f or 5 min. 

Experiments show that the final rinse water 
must be kept cold, or the contact resistance will 
rise (Fig. 12). The high resistance caused by the 
hot final rinse is analogous to the “sealing” effect 
obtained by the hot dip after anodizing. 

It was also found that the sheets should not 
be wiped dry after rinsing. Instead, they should 
be dried in a current of warm air or clean dry 
compressed air. Metal may also dry in still air 
with fair results. In any case, it is absolutely 
essential to refrain from wiping the cleaned metal 
before spot welding it. =) 
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The National Association of Cor 
rosion Engineers announces the pres- 
entation of the 1949 Willis Rodney 
Whitney Award to R. B. Mears 6, 
manager of the research laboratory 
of Carnegie-Illinois Steel Corp., Pitts 
burgh, and the 1949 Frank Newman 
Speller Award to F. L. LaQue G, 
in charge of the corrosion engineer- 
ing section, International Nickel Co., 
Inc., New Yor! 


Molybdenum Corp. of America 
announces the appointment of Norman 
F. Tisdale @ as manager of sales. 
He has been 


chief metallurgical 


engineer of the company since 1933. 


G. A. Jersey @, 


charge of chromium plating for Ai 


formerly in 


Tool Parts & Service Co., has organ 
ized his own company, Jersey Chrome 
Plating Co., in Pittsburgh. 

John P. Moran @ is now a mem 
ber of the special steel sales depart 
ment of the Chicago office of Joseph 


T. Ryerson & Son, Inc 





LONG, SLENDER HIGH-SPEED 


STEEL TOOLS, SPINDLES, 
BROACHES, REAMERS, ETC. 


SENTRY 


MODEL YP 


VERTICAL 


ELECTRIC FURNACES 


Large or long, slender high-speed steel tools, broaches, 


spindles, etc. are best hardened in the specially designed 
Sentry Model YP Vertical Electric Furnace. Employs the 
Sentry Diamond Block Method of Atmospheric Control 


for maximum quality hardening of molybdenum, tungsten 


or cobalt high-speed steels. No scale or decarburization. 


Finished work is smooth, dimensionally correct and true 


to shape, saving costly finishing operations 


Sentry Electric Furnaces are made in sizes and capacities 


SENTRY MODEL YP 
VERTICAL FURNACE 


to meet your requirements 


You'll be interested in our latest catalog. Ask for bulletin 


YP-Al 


The Sentry Company > 


DIAMOND 
FOXBORO. MASS.. U.S.A Ne 
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Harry K. Ihrig @, vice-president 
and director of laboratories of Globe 
Steel Tubes Co., Milwaukee, has 
received a citation for distinguished 
service in engineering from the col- 
lege of engineering of the University 
of Wisconsin. 


Roger D. Moeller G, formerly with 
Sharples Corp. research laboratory, 
Philadelphia, has joined the staff of 
the chemistry and metallurgy division 
of the Los Alamos, N. M., Scientific 
Laboratory of the University of 
California. 


The McKay Co. announces the 
appointment of Fred A. Kaufman @ 
as sales manager. Mr. Kaufman was 
formerly chief metallurgical enginee: 
i charge of technical service at 


McKay’s electrode plant in York, Pa 


After receiving his master’s de 
gree from the University of Notre 
Dame, William D. Manly @ is now a 
metallurgist at Oak Ridge National 
Laboratory at Oak Ridge, Tenn 


Harold P. Weinberg © is now 
employed as a materials engineer by 
the U. S. Naval Gur 
Washington, D. C 


Factory in 


Hubert C. Swett @ has been trar 
ferred by Bethlehem Pacific 
Steel Corp. from engineer of tests 


Coast 


at the South San Francisco plant to 
assistant general superintendent of 
the Los Angeles plant 


After 21 years as electric heating 
and welding engineer for West Penn 
Power Co., Pittsburgh, A. T. Rutten- 
cutter @ has established a consulting 
practice in these fields of electric 
power application in Cincinnati, Ohio. 


Louis L. Morton @ has recently 


organized the Morton Co., Chicago, 
to market industrial compounds fo 
cleaning metals, machinery, and plant 


floors and for sanitation uses 


Russell E. Currul @ is now assist- 
ant foreman for the 
Doran Heat 
Angeles. 


California- 
Treating Co., Los 


A. O. Crobaugh ©, formerly met- 
allurgist in the compressor division 
of Ingersoll-Rand Co has been 
appointed metallurgist in the rocket 
department of Curtiss-Wright Corp., 
Caldwell, N. J. 


Raymond A. Pulk ©, who was 
previously metallurgist at the Kaiser- 
Frazer Corp., has accepted a similar 
position at the Detroit Arsenal, Cen- 
terline, Mich. 


Peter J. Kassak, Jr., @, formerly 
with Magnus Chemical Co., is now 
a cadet engineer with Public Service 
Electric & Gas Co., Newark, N. J. 





REVERE MATERIALS + COLE-HERSEE DESIGN 
ASSURE DEPENDABLE HEADLAMP OPERATION 


(Sixty Percent of All Automobile Accidents Occur After Dark) 


ERE is a picture and sectional view of a device fre- 

quently used by motorists, who know nothing about 
it except that it has a knob and works perfectly when 
pushed or pulled. It is a Cole-Hersee three-position light 
switch: Off, Parking Lights, Headlights. 

Because such a switch is so reliable and long-lived, one 
might suppose it to be simple. It is far from that. Its opera- 
tion, however, is simple, and is protected by design and 
materials which foresee the conditions and contingencies 
of use. 

Note the variety of the materials. They include steel in 
several types and forms, brass, phosphor bronze, canvas 
base bakelite, a felt washer to exclude dust, plastic, and if 
you include the fuse, lead and glass. In the list of features 
the four items starred are made of Revere Metals. 

This is an excellent example of the manner in which wise 
manufacturers employ Revere Metals. Both they and we 
realize that every metal and material has its individual 
qualities and applications. When these are understood and 
chosen with full regard for conditions of fabrication and 
use, a fine product has been given its fundamental guaran- 
tee. It is one of the important duties of Revere Technical 
Advisors to collaborate in the selection of the many dif- 
ferent Revere Metals. If you would like to obtain the 
benefits of this service, get in touch with the nearest 
Revere Office. 








Three-Position Heavy Duty Headlamp Switch, made by 
Cole-Hersee Company, 20 Old Colony Ave., Boston 27, Mass. 


Spring Backed Dustproofed Gland 
Heovy Stee! Case and Brocket 
Four Separate Contact Springs 
Movided Bokelite Contact Carrier 
Double Independent Action 
Heovy Gouge Phosphor Bronze 
Contactor 

Interlocking Back Prevents Short 
Circyiting 

Silver Inlaid Phosphor Bronze 
Contocts 

Canvas Base Bokelite 

Sia Clinching Ears 

One Piece “Hot Wire” Conductor 


12 
13 
"14 


15 
"16 


17 
18 


19 


Heavy Remforcement and 

Thrust Stop 

Terminal Studs Welded to 
Conductors 

Heavy Gouge Phosphor Bronze 
Spring Contacts 

Heavy Conductor and Thrust Stop 
Silver iniaid Phosphor Bronze 
Contact Rivets 

Heovy Gouge Screw Terminols 
Shokeproof Lockwashers With 
Locking Tail 

Bracket Extension To Clear Dash 
Obstructions 


*Parts starred are mode of Revere Metals 





Mills 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mass.; Rome, N. Y 


Baltimore, Md.; Chicago, Ul; Detroit, Mich.; New Bedford, 
Sales Offices in Principal Cities, 


Distributors Everywhere. 
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“* stainless 


/ 


“ Steel 


\ / 
G.0.CARLSON, 


we Hlanges 


Carlson stainless steel flanges are produced in any size to your precise 
specifications, rough machined from HRAP plate of any desired thickness; 
forged and rough machined; or punched from light plate or sheet, depending 
upon requirements. 

Flanges may be faced, bevelled, drilled, and tapped if desired. 

Exceptional plate stocks, highly developed cutting facilities, specialized 
machining equipment and the widest selection of analyses, make G. O. 
Carlson, Inc. the preferred source for flanges of standard or special design. 

All Carlson stainless steel is produced to chemical industry standards— 


your assurance of consistent high quality. 


CARLSON we. 


Stainless Steels Exclusively 
300 Marshalton Road; Thorndale, Pa. 
PLATES « FORGINGS e BILLETS ¢ BARS « SHEETS (No. 1 Finish) 


Warehouse distribut in principal cities 
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Cooper Alloy Foundry Co. an- 
nounces the appointment of James 
E. Ziegler @ to the sales engineering 
force. He will be stationed in Cleve- 
land to serve the Pittsburgh-Cleve- 
land-Detroit areas. 


American Brake Shoe Co. an- 
nounces the appointment of L. E. 
Hoyer @ as a National Bearing sales 
representative in the Cleveland office 
of the company. 


Daniel F. Jancula ©, a recent 
graduate of the University of Pitts- 
burgh, is now in the metallurgy 
department of Jones and Laughli: 
Steel Corp., Pittsburgh. 


J. M. Mylroie @ is now chief of 
product development for metals at 
Quaker Chemical Products Corp., 
Conshohocken, Pa. 


Following graduation from Purdue 
University, Charles R. McKinsey @ 
has accepted a position with Union 
Carbide and Carbon Research Lab 
oratories in Niagara Falls, N. Y. 


F. L. Coonan @ has recently been 
appointed chairman of the depart- 
ment of metallurgy and chemistry of 
the U. S. Naval Postgraduate School, 
Annapolis, Md. 


F. A. Truden @, formerly process 
engineer for the Nashville Corp., is 
now president and general manager 
of Southern Finishers, Inc., electro 
platers, in Nashville, Tenn. 


Charles H. Homer, Jr., @ has beer 
transferred by American Locomotive 
Co. from sales manager of its Beau 
mont Iron Works Co. to chief quality 
control engineer of the Dunkirk, 
N. Y., plant of Alco Products Div. 


After graduating from the school 
of engineering of the University of 
California, Jack Kalstein ©@ joined 
the sales and service training course 

Westinghouse Electric Interna 

al Co., New York. 


Henry A. Van Hala @, formerly 
listrict manager for the Bristol Co 
in Cleveland, has organized the Van 
Hala Industrial Sales Co. to repre- 
sent Kieley & Mueller, Inc., Michigan 
Oven Co., Philadelphia Thermometer 
Co. and Mansfield & Green Co. 


Harper Electric Furnace Corp., 
Niagara Falls, N. Y., announces the 
election of John Loudon © as vice 
president in charge of production and 
Edward G. Pierson @ as vice-presi- 
dent in charge of purchasing. 





How ELECTROMET serves the Steel Industry 


TRADE-MARK 


FIELD METALLURGISTS 


You can obtain the 
help of our trained 
metallurgists who 
render on-the-job as- 
sistance in the use of 
ferro-alloys. These 
men are qualified to 
suggest the grades 
and sizes of alloys best suited for your particular 
steel and practice. 


LABORATORY RESEARCH 


You can benefit by 

Ih the new alloys de- 

veloped by our con- 

tinuous laboratory 

research. Develop- 

ments from this 

research include the 

low-carbon ferro-alloys, silicomanganese, SILCAZ 

alloy, calcium metal, calcium-silicon, and 
ferrocolumbium. 


CONVENIENT FACILITIES 


You can count on 
prompt and efficient 
service from ELECTRO 
MET, since our offices, 
plants and ware 
houses are conve 
niently located to 
serve you 


TECHNICAL BOOKLETS 


You will find helpful informa 
tion about ferro-alloys and 
metals in ELECTROMET’S free 
technical booklets and re 
prints. Among these is “ELEC 
TROMET Products and Service.” 
Write to our Technical Service 
Department for a copy. 





ELECTRO METALLURGICAL DIVISION 


Union Carbide and Carbon Corporation 
30 East 42nd Street [Tq@ New York 17, N. Y. 


CHROMIUM 

Low-Carbon Ferrochrome (in all grades from 0.03° 
maximum to 2.00% maximum Carbon), Nitrogen- 
Bearing Low-Carbon Ferrochrome, High-Carbon Fer- 
rochrome, SM Ferrochrome, Chromium Metal, 
CMSZ Mix, and other Chromium Alloys 
VANADIUM 

Ferrovanadium in all grades, Vanadium Oxide, and 
Ammonium Metavanadate. 

COLUMBIUM 


Ferrocolumbium 


MANGANESE 

Standard Ferromanganese, Low-Carbon and Me- 

dium-Carbon Ferromanganese, Low-Iron Ferroman 

ganese, Manganese Metal, and other Manganese 

Alloys 

SILICOMANGANESE 

Max. 1.50 and 2.00°. Carbon Grades 

TUNGSTEN 

Ferrotungsten, Tungsten Powder, and Calcium Tung 

state Nuggets 

BORON 

Ferroboron, Manganese-Boron, Nickel-Boron, and 
LCAZ Alloy. 

SILICON 

Ferrosilicon in all grades including both regular and 

low-aluminum material, Silicon Metal, SMZ Alloy, 

and other Silicon Alloys 

TITANIUM 


Silicon-Titanium and Manganese-Nickel-Titanium 
CALCIUM 

Calcium-Silicon, Calcium-Manganese-Silicon, and 
Calcium Metal 

“EM” BRIQUETS 

Silicon, Silicomanganese, Ferromanganese, and 
Chromium Briquets 

ZIRCONIUM 

12-15%, and 35-40°. Zirconium Alloys, and Nickel 
Zirconium 


“CMSZ,” “Electromet,” “EM,” “Silcaz,” “SM,” and 
“SMZ" are trade-marks of Union Carbide and Car 
bon Corporation 


Electromet 


TRADE-MARK 


Ferro-Alloys and Metals 
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“I'd recommend 
SPECIAL HY-TEN 
alloy steel’ 





“WHEELOCK, LOVEJOY 





““l'd recommend 
STANDARD 
A.1.S.1. steel” 


‘NOILINGOYd YOI SONIDYOI GNV $1391119 


supplies them both’’ 





The selection of alloy steel grades necessarily varies with 
each manufacturer’s needs and opinions. Some prefer HY- 
TEN alloy steel, while others recommend standard A. I.S. I. 
steel. However, differences in choice need not mean differ- 
ent sources of supply ... just contact the Wheelock, Lovejoy 
warehouse nearest you. There you will find all grades of HY- 
TEN alloy steel as well as standard A.I.S.I.... grades to 
meet every need and opinion. By dealing with Wheelock, 
Lovejoy, you have the advantage of prompt delivery from a 
nearby source, plus courteous help from men who know 


metallurgy. 


WL steels are metallurgically constant. This guarantees 
untformity of chemistry, Zrain size 


minating costly changes in heat treating specifications. 


Write today for your 


>», hardenability — thus eli- 


FREE COPY of the 
Wheelock, Lovejoy Data Book. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc 





WHEELOCK, 
LOVEJOY ic: 


134 Sidney M., Cambridge 39, Mass. 


“SINIWININOIN JONVNILNIVW GNV WOOY 1001 


* 


Warehouse Serrice 


CAMBRIDGE - CLEVELAND 
CHICAGO - HILLSIDE,N.J 
DETROIT - BLFFALO 
CINCINNATI 


In Canada 


SANDERSON-NE® BOULD, LTD... MONTRE AT 


AJAN DISTRIBUTING CO., LTD., 


and Al Si 


TORONTO 
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Formerly chief of the metallurgi- 
cal section of the research laboratory 
of American Optical Co., Carl H. 
Samans @ is now associate director 
of the engineering research depart- 
ment, Standard Oil Co. of Indiana, 
Chicago. 

John C. Mertz @ has been ap- 
pointed materials engineer at Pratt 
& Whitney Aircraft, East Hartford, 
Dr. Mertz’s former position of 
engineering metallurgist will be 
assumed by Winston H. Sharp ©. 


Conn. 


Carnegie-Illinois Steel Corp. an- 
nounces the appointment of Stephen 
M. Jenks @, formerly general super- 
intendent of the Gary works, to the 
position of Chicago district manager 
of operations. 


Morris A. 
metallurgical 


Steinberg © of the 
division of 
Princeton, N. J., has recently 
been appointed head of the division. 
Dr. Steinberg 


Horizons, 
Inc., 


received his doctorate 
from Massachusetts Institute of Tech- 
nology in June 1948, and joined the 
staff of Horizons at that time. 


Layton K. Winsemius @, a recent 
graduate of the University of Michi- 
working as 
tendent at the Hillsdale 
Hillsdale, Mich. 


gan, 1s now superin- 


Foundry, 


Charles H. Dickson &, formerly a 
metallurgist with Instrument 
Works, 


Lynwood, Calif., as metallurgist. 


Taylor 
Co., has joined Western Gear 


Harold E. Cartier ©, 


materials engineer with Westinghouse 


formerly 


Electrie Corp., is now mechanical and 


metallurgical engineer at the Twin 
City Testing and Engineering 


oratory, St. Paul, Minn. 


Lab 


Minu N. 
his Se.D. 


Dastur @, who received 
Massachusetts Insti- 
February 1949, 
grassert & Co., 


from 
tute of Technology in 
is now with H. A. 
New York. 


Erle J. 


as foundry 


Hubbard © has 
superintendent of the 
Hammered Piston Ring 
Div. of Koppers Co., Ine., to become 
foundry manager of 
Co., Philadelphia. 


resigned 
American 


Janney Cylinde 


Clarence 
ferred his 


Johnson @ has 
consulting engineering 
service from Orfordville, Wis., to 
South Euclid, Ohio. 


trans- 


B. C. Person @ is now metallur- 
gical engineer with Standard Oil Co.’s 
Jaton Rouge, La., refinery. 
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THE MOST MODERN PATTERN SHOP 
of its size... anywhere! 


“~— , ; 
While maintaining the top quality for which Accoloy Castings are famous while 
striving CO give Customers better, more complete service we have developed in 
our own plant the most modern pattern shop of its size—anywhere! Here the finest 
An engineering craftsman “ae , . ; 
checks a complicated metal tools obtainable operate 1 by long experience 1 engineering craftsmen are used to 
turbine wheel pattern in the \ \ 1 , , 
Altoy Castine Gomnenn's best possible advantage in making both wood and many metal 
patterns for alloy castings. No pattern is too intricate, no 
problem is too great for complete solution in the most 
minute detail. Just one more reason why Accolsy 1s always 


first choice of so many industrial men who demand fof 


64lil 





ALLOY CASTING COMPANY 


Champaign, Illinois 
al + ‘o . iv 


=a 


ERGIANAER RIM Oorret<e €s yhUMF '>Rerrat Cvrisgsd 


Chicago: F. J. Starol * Tel: Delaware 7-4430 Detroit: Frank W. Faery * Tel. Temple 1.7878 
Pittsburgh: A. D. Sutherland * Tel: Atlantic 9366 
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Kinney Single Stoge 
Duplex Pump 


For HIGH VACUUM PUMPS! 


From every angle, KINNEY is the vacuum pump for creating and main- 
taining low absolute pressures — at high speed — at low cost. It pays to 
get these extra KINNEY features: 


e HIGH VOLUMETRIC EFFICIENCY means rapid pump down, re- 
duced production time, and lower power costs. One Kinney Pump 
often replaces several less efficient units, 


@ EFFECTIVE OIL SEAL produces extremely low absolute pressures, 
insures positive lubrication for long equipment life. Typical case: 
Kinney Pump still in perfect condition after 9,000 continuous hours 
on toughest service. 


@ RUGGED, DURABLE CONSTRUCTION puts vacuum processing on 
a production basis. Kinney Pumps are the accepted “standard” for 
low pressure processing throughout the world. 


@ UNIQUE ROTATING PLUNGER MECHANISM gives long, depend- 
able service. Withstands rigorous operating conditions. 


@ COMPLETE RANGE OF PUMPS... . 8 single stage models and 2 
compound models. Capacities from 13 to 702 cu. ft. per min. — low 
absolute pressures to .5 micron. 


Write for Bulletin V-45 
KINNEY MANUFACTURING COMPANY 


3529 WASHINGTON ST., BOSTON 30, MASS. 
NEW YORK + CHICAGO * CLEVELAND * PHILADELPHIA * LOS ANGELES + SAN FRANCISCO 
FOREIGN REPRESENTATIVES 
General Engineering Co. (Radcliffe) Ltd., Station Works, Bury Road, Radcliffe, Lancashire, England 
Horrocks, Roxburgh Pty., Ltd., Melbourne, C. |. Australia 
W. S. Thomas & Taylor Pty., Ltd., Johannesburg, Union of South Africa 
Novelectric, itd., Zurich, Switzerland 


WE ALSO MANUFACTURE LIQUID PUMPS, CLUTCHES AND BITUMINOUS DISTRIBUTORS 
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PERSONALS 





T. L. Fritzlen ©, formerly chief 
metallurgist for the aluminum divi- 
sion of the Reynolds Metals Co., 
McCook, IIL, has been promoted to 
chief metallurgist of the company 
with headquarters at the Reynolds 
executive offices in Richmond, Va. 


Robert M. Van Hoy @ has joined 
Mead Johnson & Co., Evansville, Ind., 
as a mechanical engineer in the engi 
neering department. 


After receiving his B.S. from 
Lehigh University in February 1949, 
George L. Stroman, Jr.. @ is now 
employed as a research engineer at 
Lukens Steel Co., Coatesville, Pa. 


Robert C. Shaw @ has been trans- 
ferred by the Douglas Aircraft Co., 
Inc., from designer at the Santa 
Monica, Calif., plant to process engi- 
neer at the Long Beach plant. 


John H. Fuqua @, who graduated 
from Missouri School of Mines in 
January 1949, is now in the research 
laboratory of the Indiana Har! 
plant of American Steel Foundries 


J. Carl Rosenberg ©, formerly 
production superintendent of Du- 
quesne Smelting Corp., is now gen- 
eral manager, Dixie Metal Div. of 
K. Hettleman & Sons, Baltimore, Md. 


Vincent Frick @, who has recently 
finished graduate student training 
with the Westinghouse Electric Corp., 
has taken a permanent position it 
the aviation gas turbine division of 
the corporation, as a junior metal 


lurgical engineer. 


Howard E. Emigh @, formerly an 
associate of Geo. W. Hofmann Asso- 
ciates, is now superintendent of the 
Southwest Steel Rolling Mills, Los 


Angeles. 


Edwin H. Gott @ has been trans- 
ferred by Carnegie-Illinois Steel Corp. 
from assistant general superintendent 
of the Gary plant to the same posi- 
tion at the South Chicago plant. Mr. 
Gott, who has been with Carnegie- 
Illinois since 1937, has been assistant 
general superintendent of the Gary 
plant since 1945. 


John Towers, Jr., @ is now asso- 
ciated with U. S. Metals Refining Co., 
Carteret, N. J., as a foreman in the 
smelter. 


Jessop Steel Co., Washington, Pa., 
announces the promotion of Arthur 
B. Cooper @ from assistant general 
superintendent to assistant to the 


vice-president in charge of operations 








AND BUFFING e 








their worth in production ! 


ACME Automatic Straightline Polishing and Buffing 
machines offer a dependable solution to the problem of 
securing minimum finishing costs on many types of work 

Highly flexible as to size and arrangement, these high 
production machines range from 10 feet to 120 feet in 
length with many effective arrangements of adjustable 
floating head polishing and buffing lathes, belt heads, 
conveyors and camming and indexing fixtures 

These modern, highly efhicient machines are the result 
of nearly 50 years of specialized experience and develop 
ment and, on work lending itself to this type of 
handling, ACME Straightlines can be relied upon to 
deliver high production and uniform quality finish at 
very low unit costs 

ACME Automatics cut high cost man-hours to a 
minimum and can play an important part in holding 
production costs down on finishing operations 





= 
, 
oo 
<< 
ee 
ee 
— 
= 
——s 
Oe 
5 ee 
“o- 
al 
oon 
= 
ae 
ae 
pe 
= 
rvey 
te | 
bad '° 
ye 
a 2 
= 
2 
. 
i 
< : 
mm 
ee 
Oo 
ee 


*« ‘““ACMES” are built to exacting Stanaards for dependable performance! 


Vay E Manufacturing Co. 


FP oman pees HOWARD ST. DETROIT 16, MICH. 
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Completely self-contained, automatic in operation, this 
direct-fired heater provides an entirely new solution to 
the troublesome problem of plant heating. A “single- 
package” heating unit that can be positioned anywhere, 
it supplies heat directly to the area needing it, efficiently 
and economically. 

Incidentally, it also proves that using Stainless Steel 
does not necessarily increase cost, but on the contrary, 
can decrease it. 


HE heart of any heater is the combustion chamber. 
In the original Dravo Heater sold by the thousands 
to army camps and plants during the war, this chamber 
was made ot corrugats d carbon steel lined with retrac- 
tory cement. Numerous fins and deflectors were welded 
to its outer surtace 
lo meet the tremendous civilian demand created by 
its highly successful war-time service, Dravo engineers 
recently re de signed the he ater to increase Its ¢ fhicie ncy, 
to reduce its size and weight, to increase its life span, to 
make its operation safer. And in order to maintain prices 
in the face of rising labor and material costs, they took 
steps to speed up its production and to reduce manufac- 
turing costs. They accomplished these things mainly 
by building the combustion chamber of Stainless Steel 
By specifying Stainless Steel that withstands tem- 
peratures up to 1600° F. they got rid of the troublesome 
and maintenance-demanding refractory lining. The un- 
lined chamber, with its entire surface now exposed to 
the flame and gases, greatly increased heat transfer. 
This made it possible to eliminate fins and deflectors, 


AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
CARWEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH & CHICAGO 


COLUMBIA STEEL COMPANY, SAN FRANCISCO NATIONAL TUBE COMPANY, PITTSBURGH Please send me the new book, “An Introduction to 


TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO- 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


allowed them to build the chamber smaller (to reduce 
its heating surface 53 without reducing operational 
performance ) and to reduce its weight 1500 pounds 
In addition, the simplified chamber design obtained 
by the use of Stainless Steel reduced the number of 
fabricating operations from 95 to 67. And, even though 
welding with Stainless requires more care, welding costs 
too were reduced because only 186 lineal feet of welding 
were required instead of 400 feet 
®@ To indicate how U-S-S Stainless Steel might benefit 
ou in similar constructions, we recapitulate the bene- 
fits Dravo has obtained by using Stainless:—It has 
enabled them to employ less expensive manufacturing 
procedures than those used previously. It has insured 
greater portability for their equipment. It has improved 
heat transfer and eliminated expensive refractory main- 
tenance Dravo is now sold on the use of Staink ss Steel 
because, as their engineers report, it has given them a 
treme ndous advantage over competition in many fe- 
spects, one of the most important being er t of 


manutacture 


United States Steel Corporation Subsidiaries 
Room 2069 Carnegie Building, Pittsburgh 30, Pa 


U-S-S Stainless Steel 


Please have a Stainless representative call on me 


COAST 


Name 


Position 


U’S°S STAINLESS STEEL | ~~” 


SHEETS STRIP PLATES BARS BILLETS 
PIPE - TUBES WIRE - SPECIAL SECTIONS 


Address 











Facilities you can use Profitably 


(a Suying Medium 2d Small Castings 


(te): the well known and long established symbol for 
quality carbon and alloy steel castings and gears used 
by industry. Diversified facilities at National Erie Cor- 
poration also provide a wide range of medium and small 
steel castings produced on squeezer and roll-over mould- 
ing machines .. . Our Rotoblast equipment illustrated 
here facilitates economical, speedy cleaning of the wide 
diversity of small and medium cast parts which we pro- 
duce for a multitude of light industrial machines. 
National Erie engineers, metallurgists and craftsmen 
control every operation from raw materials to finished 
product within our own plant. Wecan serve you 
as we are serving hundreds of others with these 
complete and diversified facilities. Bulletin No. 7 

fully describes our capabilities. Write for it. 

wt 





> NATIONAL ERIE CORPORATION =. 


¥, 
=U); ERIE, PENNSYLVANIA * U.S.A. \ ] 
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QUALITY, TOO, IS MORE 
THAN SKIN-DEEP 


ELECTROLYTIC ZINC-COATED SHEETS AND STRIP 


Conspicuous in its flawless surface is Weirzin's electrolytically deposited coating 
of malleable zinc. And that's all you're likely to see of Weirzin, for—even after 
deep drawing—the zinc remains intact, forming an impervious protective coat- 
ing, safe from underfilm corrosion. 


But the quality of Weirzin is more than skin-deep. Beneath its zinc coating is 
Weirton’s own cold-rolled steel, noted for its ductility, uniformity of gauge, 
and adaptability to drawing and forming operations. 


Weirzin, in short, enables you to make better products—and with appreciable 
manufacturing economies. 


<< 
= La ed 


WEIRTON, W. VA., Sales Offices in Principal Cities 


ihe Division of MATIONAL STEEL CORPORATION, Executive Offices, Pittsburgh, Pa 
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ORGANIC COMBUSTION FURNACES 





Type 123 Organic Combustion Furnaces are 
designed to furnish combustion processes such as the 


determination of the carbon content of organic materials, the low 


and high temperature distallation of oil shales 


| 


oil sand, coke, coal and 


— ras 
Asphalt materials. They have exact 

. , 
and easily controlled heat in each movable section which may be used 


2° F. (1000°C.) 


independently of the others. Temperatures to 183 


See your laboratory supp'y dealer or write for Bulletin HD-735... 


HEVI DUTY ELECTRIC COMPANY 


RADE MARE 


LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY 
REG IF F 


5. U. S. PaT 


MILWAUKEE 1, WISCONSIN 
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HAND LADLING <2 OGs0leZe / 


Lindberg-Fisher announces a revolutionary development in handling 
molten aluminum—completely automatic nitrogen ladling. 

Now . . . for the first time, mass production techniques can be 
applied to your casting production. Here are some of the many 
advantages available with Lindberg-Fisher Nitrogen Ladling: 


. 
7 
* 
* 
7 
* 
* 


Increased production. 

Precise, mechanically controlled casting shots. 

Lowest possible casting temperatures, electronically controlled. 
Longer die life because of lower casting temperatures. 

Safer operation with mechanically handled hot metal. 
Reduced casting rejects from fatigue, human errors, etc. 
Atmosphere protected molten alloy. 

* Reduced metal losses. 

*® Greatly improved working conditions. 


For the story of nitrogen ladling, call your Lindberg-Fisher 
representative or write Lindberg Engineering Company 


LINDBERG -Fis{ih tonnnces 


A DIVISION OF LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street, Chicago 12, Itilineots 
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YOUR WATER 
COOLING HAS 


sTopPpeD/ 


Absolute 
Protection 
Against 
Flow 
Failure 


© 


RATOSIGHT FLOW ALARM 


The RATOSIGHT alarm opens or 
closes an electrical circuit to protect 
your process or equipment if flow 
rate 1s too high or too low. It will 
ring a bell stop a pump . 
switch a solenoid turn on a light 

immediately and automatically 
when flow rate reaches the danger 
point 

It is made with a transparent, V- 
ported metering tube, and a metal 
float which moves up or down in 
The 
float has a magnetic extension which 
trips an external switch to operate 
the alarm circuit. It responds equally 
well to flows of liquids or gases. 


FLOWRATOR 


TRADE MARK 


response to flow rate changes 


q 


Easily made explosion-proof. 

The RATOSIGHT alarm is cast 
in all metals in sizes from 4” to 2”. 
It is an inexpensive, compact indica- 
tor of the true flow rate. 

The RATOSIGHT alarm has been 
rapidly adopted by leaders of process 
industries and the equipment manu- 
facturers for measuring the flow of 
coolants, lube oils, and chemical feeds. 
It has filled their need for a positive, 
sure-fire flow rate indicator and alarm 
for diesel engines, air compressors, 
turbines, filters, furnaces, stills, heaters, 
reaction vessels, etc. 

Write for the interesting details 
which are given in Bulletin 92. 


FISCHER & PORTER CO. 
Dept. 9Q-8Q Hatboro, Pa. 


INSTRUMENTS FOR FLOW RATE MEASURE- 
MENT AND AUTOMATIC FLOW CONTROL 
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i previous issues of Metal Prog- 

ress (February and April) the 
first 16 papers in the “Symposium 
on Internal Stresses in Metals and 
Alloys” (Institute of Metals, Lon- 
don, 1948) have been reviewed. The 
next section of the Symposium, 
consisting of five papers on control 
and removal of internal stresses, is 
considered here. 

This section begins with W. Bet- 
teridge’s paper on the relief of in- 
ternal stresses in aluminum alloys 
by cold working (6% pages, 1 ref- 
erence), Which describes a rather 
practical method for the elimina- 
tion of internal stresses, as applied 
to tubular shapes of Hiduminium 
R.R.59 [2.5% Cu, 1% Ni, 1.5% Mg, 
1.2% Fe] and to forgings 
from the R.R.56 alloy [2.5% Cu, 
1% Ni, 1% Mg, 1% Fe, 0.1% Ti, 
1°) Sil. The tubular samples were 
subjected to axial loading up to and 
just above the elastic limit, both as 
fully heat treated and as solution 
treated. In the fully heat treated 
samples, a pressure of about 40,000 
reduced the internal stresses 
(assessed by slitting the sample 
and measuring the changes in di- 
ameters at three points) by nearly 
60%. In the solution treated sam 
ples, a pressure of 22,000 psi. elimi- 
nated the circumferential stress 
entirely. The results were 
obtained when impact loading un- 
der a 112-lb. hammer was substi- 
tuted for the rapid _ static 
pressure. 

Some samples examined 
by X-ray diffraction at three points, 
and it was found that the circum- 
ferential stresses were reduced 
most substantially, but the longi- 
tudinal stress measured on the end 
surface of the cylindrical 
was increased. 

With forgings (air-engine im- 
pellers) a cold upsetting after the 
solution treatment, to the extent of 
2.2% reduction in thickness at the 
thickest point, decreased the inter- 
nal stress in the circumferential 
direction by 95%, and this was 
accompanied by a general, though 
slight, increase in all mechanical 
characteristics in the fully heat 
treated alloy. It follows that the 
method of cold upsetting is fre- 
quently preferable to the usual 
method of avoiding high internal 
stresses by quenching aluminum 
alloys in boiling water. Quenching 
684 
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WHAT’S THE RIGHT X-RAY FILM? 
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A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to any 
combination of radiographic factors, Kodak pro 
duces four types of industrial x-ray film. They pro 
vide the means to check welds efficiently and thus 


extend the use of the welding process 


Type A—has higt trast with time-saving speed for study 
f light allows at lo tage and for examiming heavy 
parts at 1000 | Used direct or with lead-foil sere 
Type M—pr des maximum radiographic sensitivity, under 
direct exposure or with lead-foil screens. It has extra-fine 
dis less than in Type A, it is ade- 
quate for light tllovs at average kilovoltage and for much 
nillior It rk 


grain and, though speed 


Type F—provides the highest available speed and co 


hen exposed w calornm tungstate intensifying s« 
' x 


Ilas wide latitude with either x-rays or gamma rays, 
posed directly or w th lead screens 


Type K—has medium contrast with high speed. Designed 
for gamma ray and x-ray work where highest possible speed 
s needed at available kilovoltage without use of calcium 


tungstate screet 


Radiography 


. . . another important function of photography 





product : ——— arum 
—nchounick poster OPUS _ 
Material: 


“fiigh tensile steel 


KODAK INDUSTRIAL 
X-RAY FILM, TYPE A 


@ ‘To examine such a dense and thick material the 
radiographer takes advantage of Kodak Industrial 
X-ray Film, Type A. For, in order to keep ex- 
posure reasonably short, the high speed of this 
film is essential. At the same time, its high contrast 
and fine graininess enable him to take full advan- 
tage of the ability of the 1000 kv machine to detect 
weld irregularities. 
RADIOGRAPHY 
IN MODERN INDUSTRY 


A wealth of invaluable data on radio 


RADIOGRAPEY 


Sina cans graphic principles, practice, and tech 


nies. Profusely illustrated with photo 
graphs, colorful drawings, diagrams 
and charts. Get vour copy from your 


local x-ray dealer—price, $3. 





EASTMAN KODAK COMPANY 
X-ray Division + Rochester 4, N. Y, 


“Kodak” is a trade-mark 
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(Starts on p. 682) 
in boiling water reduces the hard- 
ness by as much as 20 Brinell units, 
while the upsetting raises it by 5 
to 10 units, without lowering the 
final elongation in the tensile test. 

The second paper, on stress- 
relief treatment of iron castings 
(10 pages, 11 references), repre- 
sents a report of the Subcommittee 
T.S.17 of the Technical Council of 
the Institute of British Foundry- 
men. The report contains a dia- 
gram of stress-relief data which 
indicate that a temperature between 
600 and 650°C. is necessary for 
complete stress relief, and a series 
of statements from firms that use 
stress-relief temperatures between 
250 and 550°C. It appears, also, 
that some foundrymen still practice 
weathering and aging of castings, 
although the experimental data be- 
fore the Subcommittee indicate that 
no appreciable relief of stress can 
be effected by such means. 

The Subcommittee’s recom- 
mendations suggest that a minimum 
temperature of 450°C. should be 
used and, wherever possible, 550 to 
600° C., with slow heating and slow 
cooling to 250° C. 

The two preceding papers were 
the only two of the whole set to 
examine the problem of stress elim- 
ination; the next three consider the 


; . Iti 5 f d opposite problem creating com- 
> on é 2 > > pots 1s foun ‘ : ' - 
Ajreliable and economical source of melting pots 1 u pressive internal stresses in the di- 


ih castings by Brake Shoe of Meehanite metal. Reliable rections in which service load 
because of Brake Shoe’s wide metallurgical knowledge and would produce tensile stresses. 
thorough foundry techniques that protect structural sound- This would mean that a much 
2 higher load could be sustained 
without the limit of elasticity being 
reached. Naturally the compressive 
stresses would be balanced by ten 
In melting pots, Brake Shoe uses a type of heat-resisting sile stresses in other layers, but 
this may be acceptable if the dis- 
tribution of the service load is of 
the right kind. 

C. W. Humfrey examines the 
melting aluminum or that for melting lead or zinc, pouring stresses induced by shot peening in 


ness and physical properties. Economical because of the 
longer life expectancy of a sound casting closely matched 
to its service. 


Meehanite chosen to withstand constant heating, inter- 
mittent heating and cooling, flame impingement and contact 
with molten metals. Whether you require the type used for 


type or holding type, count on these castings to resist pre- leaf springs (9 pages, no refer- 
x : ences). He begins by stating that 
shot peening produces three ef- 
A list of available sizes and prices will be sent you on fects: surface pitting (which might 


mature cracking, warpage, growth, oxidation and corrosion. 


reqnest. be deleterious), work hardening, 
and bi-directional compressive 
stresses. Then he presents a simple 
mathematical relationship between 
the moments of these compressive 
uM , stresses and the moments of the 
Brake Shoe BRAKE SHOE AND service stresses changing the cam- 
CASTINGS DIVISION bers of the springs. By slowly 
230 PARK AVENUE, NEW YORK 17, N. Y. pickling away the shot peened layer 
(Continued on p. 686) 
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Grease 
by Alcoa 
Walls Heavy Enough fe stting 


There's no laborious machining in the production of 
this grease gun cylinder, with heavy sides and bottom. 
octagonal nut, walls heavy enough for strong threads! 
One swift stroke of the Aleoa Impact Extrusion Press 
produces this shape in light. strong Aleoa Aluminum. 

Thick or thin walls, cylindrical or square, heavy 
bottom or with integral boss, neck. lug or stem: there's 
almost no limit to the symmetrical shapes this Alcoa 
process makes possible at low cost. 

For housings, shells, chambers, bodies, or cylinders. 
up to 5” diameter and 16” long, vou should have full 
facts on the Aleoa Impact Extrusion Process. Write 
today for your copy of the booklet shown, or call your 
nearest Alcoa sales office. ALUMINUM ComPANyY OF 


America, 2101 Gulf Building, Pittsburgh 19, Penna. 


Write for your free copy of “Alcoa Aluminum 
Impact Extrusions”, 44-page booklet crammed 
with photos, diagrams and other information 
for designers. 
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Barrett Standard Anhydrous Ammonia, 

99.95% NHs3, oxygen free, with a very low dew 
point, is an economical source of pure hydrogen 
and nitrogen. When dissociated, each pound 
produces approximately 34 cubic feet of hydrogen 
and 11 cubic feet of nitrogen. 


Engineers have discovered many advantages 

from the use of dissociated anhydrous ammonia 

in the production of controlled atmospheres in 
furnaces for bright annealing, clean hardening, 
copper brazing, sintering, reduction of metallic 
oxides, atomic hydrogen welding, radio tube sealing 
and other metal-treating practices. Anhydrous 
ammonia also has unsurpassed qualities in nitriding 
of steel, used as ammonia gas or dissociated. 


Metallurgists are effecting real economies by using 
Barrett Standard Anhydrous Ammonia as a 
replacement for other more expensive sources of 
hydrogen and nitrogen. For information, contact 
Barrett, America’s leading distributor of ammonia. 


STANDARD 
ANHYDROUS AMMONIA 


Barrett Standard Anhydrous Ammonia is available in 50, 100 and 
150-pound cylinders from stock points located from coast to coast. 


OTS LT ES oa 
Yea? Re cert SE ies eae 
. aa 


24 ee FE TPES 


THE BARRETT DIVISION 
40 RECTOR sTRest, new york 6. MY. 
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(Starts on p. 682) 

and measuring the changes in the 
camber, the author was able to 
compute the stresses at various 
depths. By subjecting the leaves to 
different intensities of shot peen- 
ing, he established the shape of 
such depth-stress curves. Maximum 
stress values of 78,000 to 134,000 
psi. and depth of compressively 
stressed layer of 0.006 to 0.016 in. 
were found. The maximums are 
usually, but not always, a few thou 
sandths of an inch below the 
surface. 

D. G. Sopwith examined the 
production of favorable’ internal 
stresses in helical compression 
springs by the process called 
“scragging” (13 pages, 1 refer 
ence). Scragging consists of pre 
compressing the spring a number 
of times beyond the elastic limit 
in order to give it a constant set, 
which will not increase any more 
at the same load. This process has 
been known for a long time and 
used not only in steel springs of 
heavy section, such as those studied 
by the author, but even for the hair 
springs of watches and the bronze 
ribbon springs used in electrical 
instruments. 

The author’s contribution con 
sists of two features. The first is a 
simple formula for computing the 
amount of prestressing needed in 
order to obtain a_ strictly elastic 
behavior through a prescribed de- 
flection in service. The formula 
requires the establishing of the 
value of the initial, strictly elastic 
loading. This has to be done on the 
basis of experiments in which the 
stress measured in actual loading is 
correlated with the nominal stress 
in scragging. The correlated data 
form a curved scatter of points in 
the diagram of the two stresses, 
and from these the range of the 
limits of elasticity in the initial 
state can be obtained. The preci- 
sion is not very great not better 
than plus and minus 8% from the 
average but since even the mod- 
ulus of elasticity for the specific 
spring is seldom known more pre- 
cisely, this method must be consid- 
ered as fairly satisfactory. 

The second feature of the paper 
consists of a mathematical analysis 
of stress distribution in a scragged 
spring of circular section and is 
accompanied by a diagram of that 


(Continued on p, 688) 





ANOTHER 


R 
IMMERSION TYPE DESCALING BATH 


COMPLETE SLUDGE REMOVAL 


8 tons of steel per hour is descaled in this 18 foot Drever caustic 
bath descaling unit installed in a leading steel mill. Drever descaling units 


, : ‘ . are applicable to both 
Operating with automatic temperature control at 930° F, this ngewe eneiinnees, 


bath shows no appreciable drop in temperature after the load operation, and include 
is charged. The design is such that the unit is adaptable for where desired: pre- 


’ heat furnaces, descal- 
other descaling processes. ing, water quench, acid 
The burners are so mounted that the scale pans are remov- dip, and high pressure 


able, thereby assuring complete ease of cleaning and result- water rinse tanks as 
—_ 7 well as complete instru- 
ant efficient operation. 


mentation 
We would be pleased to discuss Drever immersion type 


descaling baths with you. 


790 E. VENANGO ST., PHILA. 34, PENNA. 














NEW YORK & NEW ENGLAND — GERALD 8. DUFF, 68 CLINTON AVE., NEWARK 5, N. J 
W. PENNA., W. N. Y. and OHIO —H. C. BOSTWICK, 3277 KENMORE RD., CLEVELAND 22, OHIO 
1OWA, MINN. & WIS.— WALTER G. BARSTOW, 1302 FIFTH AVE. SOUTH, MINN. 4, MINN 
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A good roof is of prime importance to good furnace per- 
formance. Lectromelt gives you the best. 


The roof and superstructure of this Moore Rapid Lectromelt 
Size OT Furnace is maintained in proper alignment on the 
furnace body by the use of dowel pin and socket construc- 
tion. These dowel pins are arranged so that the roof auto- 
matically sits down on them when it is swung back and 
lowered into position. The dowel pins and sockets are 
located both at the top of the furnace body—at the approxi- 
mate level of the bezel ring—and lower down on the furnace 
shell, thus eliminating the necessity of hold-down clamps 
on the roof ring. 


Lectromelt furnaces are built in capacities ranging from 250 
pounds to 100 tons. Write for complete details today 


LECTROMEL FU 
PITTSBURGH 30, PA. 


manufactured in: CANADA, Lectromelt Fur- 
naces of Canada, Ltd., Toronto 2; ENGLAND, 
Birlec, Ltd., Birmingham; SWEDEN, Birlec 
Elektkougnar A B, Stockholm; AUSTRALIA, 
Birlec Ltd., Sydney; FRANCE, Stein et Roubaix, 
Paris; BELGIUM, S. A. Belge Stein et Roubaix, 
Bressoux-Liege; SPAIN, General Electrica Es- 
panola, Bilbao; ITALY, Forni Stein, Genoa. 
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distribution from the center to the 
surface. Unfortunately, the analysis 
is too much condensed and _ the 
terms used are not stated clearly 
enough at the beginning. Also, no 
computation tables corresponding 
with the plotting of the diagrams 
are shown, probably because of 
lack of space. 

Design charts for torsional 
stresses and spring rates of rectan 
gular section springs are given in 
an appendix. 

The final paper in this section 
is by A. G. Warren and deals with 
autofrettage (10 pages, 3 refer 
ences). In England, the process has 
been based mainly on the experi 
mental work of A. E. Macrae, pub 
lished in 1930. The only troubk 
with the process was that its results 
were better than predicted by 
Macrae. The present author tries 
to show that these positive devia 
tions are a result of Macrae’s us: 
of the maximum shear stress as i 
criterion for elastic failure, while 
the shear-strain-energy criterion of 
Mises-Hencky would offer a mors 
precise picture. 

Exception could be taken to 
some statements in the second part 
of the author's paper where he 
offers schematic stress-strain dia 
grams for ductile metals. Appar 
ently he assumes that any ductile 
metal loaded in a symmetrical man 
ner would show an upper and a 
lower yield point. This is a rather 
strange theory, for no such thing 
is observed for nonferrous alloys 
or even for heat treated alloy steels 
and it does not seem likely that a 
very pure iron would show them. 
At any rate, all these diagrams seen 
to be out of place, because the 
author prefers to forget about the 
upper and lower yield points, and 
to use a most simplified diagram 
with the post-yield branch being 
assuined horizontal. Even that sim 
plification does not seem to be con 
nected in any way with the balanc 
of the paper, from which neither a 
clear picture of the mechanism ot 
the process (experimental data) 
nor a comprehensive mathematical 
analysis can be derived. 

Of considerable interest might 
be the sixth part of Warren’s pape! 
where the equations connecting the 
pressures used in autofrettage with 
the radius of the plastic-elastix 


(Continued on p. 690 











HARDENING 

ANNEALING 

SOLDERING 
BRAZING 
MELTING 


Your heating applications are 
undoubtedly different from those 
of Baldwin. but the same out 
standing features of Lepel equip 
ment that have saved time and 
production costs for Baldwin 
make this equipment equall 
adaptable for vour operations 
annealing 


whether hardening 


stress reheving. soldering. braz 


ing or melting 


Hf ; F 


In this operation, seats are brazed to fuel-injection tubes, 

six at a time, using ao Lepel high-frequency converter. 
Here the Baldwin Locomotive Works is brazing seats onto fuel-injection tubes. 
Six brazes are made at once with a production rate six times higher than with 


former methods, and production costs cut by six-to-one 


\ 30-kw Lepel Spark-gap unit, seen in the immediate background, provides the 
high-frequency power for this and many other brazing and silver-solder operations 


at great savings of time and cost to Baldwin. 


If you have any operation—on ferrous or non-ferrous materials—which you think might 
be handled by high-frequency heating, let our engineers run tests, on samples you supply, 
and report just what can be done. There is no obligation; inquiries are treated with 
strictest confidence. 


Lepel manufactures both spark-gap and vacuum-tube-type high-frequency converters. 
Get the advice of Lepel engineers who know both types of machines. A letter to us will 
bring you, as you prefer, our latest catalog or a call by a representative 


SOLDER 


E j 


39 WEST 60th STREET, NEW YORK 23, N. Y. 
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SPERRY 
REFLECTOGAGE 


TESTS THICKNESS 
OF PROPELLER BLADES 
BEFORE 
FINAL POLISHING 


—— 


Inspection of 
Propeller Thickness With 
REFLECTOGAGE 
CURTISS-WRIGHT CORP. 
Propeller Division 
Caldwell, N. J. 


Leading propeller manufacturers use 
the Sperry Reflectogage to test the 
thickness of hollow propeller blades 
as a guide to final polishing. An 
inspector checks wall thickness at 
each blade station. This careful in- 
— provides a control of wall 
thickness throughout the blade with- 
in established wall thickness limits. 


Propeller blades are only one of a 
large variety of fabricated parts 
which can be measured by the Sperry 
Reflectogage. Others include long 
tubes, formed hollow parts, blades 
and sheet stock, large tanks and 
boilers. 


Operating on the principle of reso- 
nant frequency, the Reflectogage pro- 
vides an economical means of 
measuring thickness of parts which 
formerly were inaccessible for con- 
venient measurement. 

In steel, the Reflectogage measures 
directly from .025 to .300 in. thick- 
ness, indirectly up to 4 in. Other 
metals and plastics can also be meas- 
ured. Access from only one side is 
required. Accuracy is within plus or 
minus two per cent. 

For full information on the Sperry 
Reflectoscope, write for your free 
copy of Bulletin 370C-G-5 


SPERRY REFLECTOSCOPE 


Instantly, accurately locates smaller 
defects . . . penetrates deeper into 
metals than any other non-destruc- 
tive testing device. Saves valuable 


time lost in machining defective ma- 
terial, minimizes rejects. Read all the 
facts on the Sperry Reflectoscope in 
Bulletin 3001-G-5 


SP-.143 


SPERRY PRODUCTS, INC. 


DANBURY, CONNECTICUT 
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boundary and the external expan- 
sion are given. But unfortunately 

and perhaps through no fault of 
the author he merely states that 
his fundamental equation (10) is 
“easy to show”, and the next equa- 
tion is introduced in similarly 
summary fashion. Perhaps some 
practical men will be delighted to 
use such equations without having 
a clear idea how they originated, 
but this does not seem to be the 
proper way of broadening the engi- 
neer’s and metallurgist’s scientific 
horizon which apparently was 
the purpose of the monograph as 
a whole. M. G. Corson 





CALCULATION OF 
TENSILE STRENGTH* 








ROM time to time physicists 

have suggested that we should 
be able to calculate the strength of 
a metal from the fundamental con- 
stants of structure. Unfortunately 
we are still terribly remote from 
that state of affairs. Professor 
Kochendoérfer does not bring us 
closer; he does not even mention 
fundamental constants. He claims 
only that if the behavior of a single 
crystal of a high-symmetry metal is 
known under shearing stresses, the 
behavior of the same metal in its 
polycrystalline form, initially free 
from stress, can be calculated. 

The author begins by presenting 
schematic graphs of true stress 
versus strain for monocrystalline 
and polycrystalline metal. (Al- 
though most technologists plot true 
stress versus natural strain, Koch- 
endorfer uses the ordinary strain, 
without mentioning why.) The two 
graphs are simple parabolas, iden- 
tical except that one runs at a con- 
stant ordinal difference from the 
other. The abscissas are true elon- 
gations and the ordinates represent 
stresses multiplied by (1 + 8), 
where 6 is the elongation. Each 
ordinate is the sum of: (a) the 
vield strength of the single crystal, 

(Continued on p. 692) 

*Abstracted from “Calculating 
the Tensile Strength of Metals and 
Its Dependence on Strain Rate and 
Temperature”, by Albert Kochen- 
dorfer, Metallforschi ng, Vol Ze 1947, 
p. 173 to 186, 








For consistently fine 
Stainless steels, specify 
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VANADIUM CORPORATION OF AMERICA 


420 LEXINGTON AVENUE, NEW YORK 17, N.Y * DETROIT 


Sevecrep TO RESIST NITRIC ACID on the inside surface 
and atmospheric conditions on the outside, the stainless 
steel installation shown in the accompanying photograph 
has a record of over twenty years of satisfactory service. 

This is a highly successful use of just one of the more 
than forty cast and wrought types of stainless steel avail- 
able for resistance to chemicals, or sea water, or dyes, or 
foodstuffs, or numerous other environments for which they 
have already proven highly advantageous. 

Regardless of the type, however, quality and precise 
analysis are primary requisites for success. To insure pro- 
duction of consistently fine stainless steels, Vancoram 
Brand Ferro Chromium is available, made by closely con- 
trolled processing methods and from carefully selected raw 
materials. The low-carbon grades for the manufacture of 
stainless steel are supplied with a carbon content from 
0.06°%, max. to 2.00°, max., all containing from 67% to 
72°; chromium. 

If you have a technical problem involving the making, 
treatment, fabrication, properties, or performance of stain- 
less steel, our metallurgical engineers will be glad to help 
you solve it. 
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CHEMICALS AND METALS 








Oxygen cuts electric furnace 
ecarburization time... 
Saves power 





George Bellew, Airco Technical 
Sales Representative, was called in to 
determine what effect the introduction 
of oxygen in the molten bath would 
have on refining time. In each of the 
three trial “heats” oxygen was run just 
below the slag metal interface 

Several of the advantages of using 
oxygen in these 
alloy recovery 


heats were: greater 


} 


reduced time and 


J. B. BEAIRD COMPANY, Shreveport, 


Louisiana, wanted to reduce the normal de 


carburization time of its clectric furnace 


without affecting the quality of the tin- 


ished steel 


electrode cost 
elimination of ore 
increased melt- 
increased bath temperatures 
faster carbon elimination 
To date the J. B. Beaird Company 
has conducted tests on 200 more 


power consumption . 
per ton lowered 

handling and storage 
ing rate 


heats’ 
and is highly pleased with the results 
The use of oxygen for decarburiza- 
tion has now become standard practice 


TECHNICAL SALES — ANOTHER AIRCO PLUS-VALUE FOR CUSTOMERS 


issure its customers of high 
or electric are 
ence Oo nt 
experience ind kno 
ands to a more effective use 
this Airco “Plus-Value 
In Texas: Magnolia At 
fir Reduction Pacthe Cc 


i ats natic we 


uledge of these speciali ts ha 


of Airco processes 


ervice 
» Ga 
mpany) 


y in all applications of the Oxy 

ion ha. available the broad 
chnical Sales Division personnel 
helped 
and product isk 
today. Write your nearest Airco 
Products Compan) On West 


Gc) Air REDUCTION 


Offices in Principal Cities 


Headquarters for Oxygen, Acetylene and Other Gases .. . Carbide .. . Gas Cutting Machines . . . Gas Welding 
Apparatus and Supplies... Arc Welders, Electrodes and Accessories 
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(Starts on p. 690) 
(b) the grain-boundary hardening, 
and (c) the hardening of the single 
crystal, which, according to the 
author, is proportional to the 
square root of the strain. The sum 
of the first two values is the yield 
strength of the polycrystalline 
metal. The author apparently as- 
sumes that the conventional yield 
strength at 0.2% set is a definite 
physical magnitude. 

At this point, the problem 
breaks up into four parts: Finding 
the yield strength of the single crys- 
tal, the strain hardening of the sin- 
gle crystal, the strain hardening at 
grain boundaries, and the value of 
§ at which the total true stress di- 
vided by (1+ 65) is a maximum. 
The author writes a series of ten 
rather simple equations and from 
these deduces two formulas, the 
first for the ratio of tensile strength 
to yield strength of the polycrystal- 
line metal: 


oy (1+VE P70") 


and the second for the correspond- 
ing elongation: 
_ V1+ p/o8—1 
5.=- 
V1+p/o'+1 

For information regarding the 
development of these equations, 
Kochenddorfer sends us to his book, 
“Plastiche Eigenschaften von Kris- 
tallen und metallischen Werk- 
stoffen”, Springer (Berlin), 1941, 
and Edwards (Ann Arbor), 1944. 

Next the author shows two 
graphs representing the ratio of 
tensile to yield strength, omx./oo, for 
various values of the ratio p/o.” (p 
is the “parameter of hardening’) 
and a space diagram for tensile 
strength against various values of 
p and o». 

At this point, the problem is 
expanded to cover the whole range 
of temperatures from absolute zero 
to the melting point and an enor- 
mous range of strain rates. Taking 
a stretch of 10 per hr. in simple 
slip as a unit of strain rate in shear, 
the author divides it by 2.24* to 
get his unit speed in simple tension, 
which amounts to 0.00124 per sec., 

(Continued on p. 694) 

*2.24 represents the ratio of the 
slip distance to the average tensile 
strain computed graphically for all 


directions in a single face-centered 
cubic crystal (G. Sachs, 1926). 














. that’s a fact that went into the record recently at the Union Fork and 
Hoe Company's Frankfort, N. Y. plant when this cast Nichrome pot was 
given its “honorable discharge.” Used in hardening of shovels and forks, 
it had given efficient, trouble-free service for nearly 1100 days. 





Nichrome pots of this type are put into operation filled with molten 
lead, and are subjected to high temperatures in gas-fired furnaces while 
serving as heating mediums in the hardening process. 


The history of this veteran pot illustrates the exceptional endurance of 


furnace equipment made of Nichrome—the world famous high heat-and 
corrosion-resistant alloy: 


Term of Service 

Put into operation 6 A.M., January 26, 1945 

Taken out of service 8 A.M., January 28, 1948 

Total Time: 3 years, 2 days, 2 hours 

Under Heat 1097 days (26,328 hours) 

In Production... 902 days (21,648 hours)—Temperature: 1550°F 
Weight of Molten Lead Carried 4,000 pounds 
Pot Cost Per Heat Hour $.0447 
Pot Cost per dozen forks (shovels) handled: $.0031 per hour 


Here is a superb record of efficiency, long life, and low heat-hour 
costs... but one not unusual for Nichrome! 


In addition to Nichrome hardening pots, Nichrome fixtures for handling 
shovels and forks in the molten lead and quench tanks have been adopted 
as standard equipment by the Union Fork and Hoe Company. 

Whatever your heat-treating problems, you'll find Nichrome and other 
D-H cast alloys unsurpassed for furnace parts and fixtures. Send us your 
specifications. We'll be glad to make recommendations based upon your 
specific requirements. 


*Nichrome is manufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 


Y 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco, Seattle 


*T.M. Reg.U.S.Pat.Off, 





IMMEDIATE DELIVERY 


§2100 


STEEL TUBING and BARS 


PETERSON STEELS, INC. maintains the largest stock of 
high carbon-chrome (52100 type) steel, seamless tubing 
and round bars in the country. More than 200 sizes of 
tubes from .875” O.D. to 8.231” O.D. Bar stock from 
171” round to 7.5” round. 


Ring forgings also supplied quickly — any anelysis, any size. 


WRITE FOR CURRENT STOCK LIST 


Contains full information on all available sizes, finishes, 
etc. Write today, on your business letterhead, for your copy. 


PETERSON STEELS.INC. 


Dept. B, 420 Lexington Ave. »© NEW YORK 17, N.Y. 
Telephone: MUrray Hill 5-1560 


NEWARK, N.J.« DETROIT, MICH. e CHICAGO, ILL. 
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a plete 
“Blade Service 


Any metal saw will perform better with WN L BL S because: 

MARVEL High-Speed-Edge Hack Saw Blades are both high-speed 
and positively unbreakable. Composite construction (high-speed- 
steel cutting edge welded to tough alloy body) permits higher 
cutting speed, heavier feeds, tauter tensioning and assures long 
blade life. 

MARVEL High-Speed-Edge Hole Saws have extra strength 
needed for drill press and lathe use. Rapidly cuts holes from 
to 4' dia., to depth of 1'/s in steel. 

MARVEL Band Saw Blades come individually boxed—protected 
against kinks or rusting—to exact size for each make and model 
sawing machine. 

Write for MARVEL Saw Blade Catalog. 


' ARMSTRONG-BLUM MFG. CO. 


(Starts on p. 690) 

and he tries to cover the range from 
0.01 to 10° of that unit. This makes 
it possible for him to compare later 
his data with those of A. Nadai and 
M. J. Manjoine (Journal of Applied 
Mechanics, 1941), who covered the 
same range, except that their unit 
of speed was 1 per sec. (or 800 
times greater). 

The yield strength of the single 
crystal at a temperature T (abso- 
lute) is given as: 


(oo) r (oo)oe A B,. VT) 


To solve this equation the yield 
strength at absolute zero (o0)o» must 
be known as a function B of the 
tensile strain rate w. 

The function B is given by the 
formula: 


log w 
1 56 
B Bix ee 
where a is a Statistical parameter. 

Here it is stated that for cad- 
mium, zine, magnesium, bismuth 
and tungsten, a was found to be 
4.8 10!2 and B, = 0.034, and that 
these values should hold for other 
metals as well. 

According to the above formula 
tions, the yield strength of the 
single crystal would become zero 
at some temperature. But this tem- 
perature comes out too low, giving 
a negative yield strength for tem- 
peratures above 587°C. for both 
aluminum and copper. So the 
author adjusts his B value (on the 
basis of some data for cadmium and 
zinc) so that the temperature of zero 
vield strength lies above the melt 
ing point. Then he computes values 
of yield strength for the single crys 
tal for different strain rates and 
temperatures. These values, unfor- 
tunately, are only a small fraction 
of the yield strength of the poly- 
crystalline metal, at normal tem- 
peratures. 

Next the author examines grain- 
boundary hardening, and declares 
that this stress is proportional to 
the square of the modulus of elas 
ticity up to the recrystallization 
temperature, while above that tem- 
perature it decreases and is propor- 
tional to 


Incidentally, he assumes that the 
recrystallization temperature (Te, 


5700 Bloomingdale Ave. 





"The Hack Saw People’’ . 
Chicago 39, U.S.A. (Continued on p. 698) 
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YES? “aag” colloidal graphite dispersions are already 
helping someone in the same business. They can save 
you money, too. 


NO? “aag”’ colloidal graphite has many useful proper 
ties in unique combination - - - it may be just what you 
need to solve 4 problem in your business. 


**dag’’ colloidal graphite is: a slippery. Gry lubricating 
solid; resistant to high or low temperature extremes; easily 
mixed with most liquids and solids; chemically inert; an 
electrical conductor oF resistor, depending on where used; 
composed of microscopically fine particles; black and 
opaque; a good conductor of heat; low in photo-electric 
sensitivity; possessed of a low coefficient of expansion; 
gas adsorbent; diamagnetic; made up of electrically 
charged particles; possessed of a specific gravity of 2.00- 
—_ 2.25 and a Moh's hardness rating less than 1. 

Ov 
saan gg ‘‘gag”’ colloidal graphite dispersions are most commonly 
Electric Irons used for GENERAL LuBRICATION, EXTREME (HicH on Low) 
emcee OO TEMPERATURE LUBRICATION, PARTING, IMPREGNATION, AND 
Elevators OpaquinG; also for other applications listed on this page- 

“ Mail the coupon NOW for more information on your Spe 
Forging Dies cific problem. Acheson Colloids engineers are anxious to 


a help you. 





ACHESON I think “dag” colloidal graphite can help me in 
—_ _. COLLOIDS fill in specific application 
Send me more inio:n tior 
CORPORATION e me more info:mation 


Send a sales engineer at my convenience 


| 

Port Huron | 
Michigan | NAME 

| 
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Grids, Vecuum Tube 
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Hydraulic Fluids 
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Ink, Conductive CITY 
Impregnation 
Ingot Mold Wash 
Insulators 
Internal Comb. Engs. 


STREET 


Joining Compounds eee Se eee 


Kiln-car 
Wheel Bearings faery Permanent Mold Casting Valves 


Vacuum Pumps 
Variable Condensers 


Kilns Mining Machinery Cottr ‘awing Dies 
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THERE IS A SUNBEAM STEWART 


STEWART | 


THE BEST INDUSTRIAL FURNACES MADE 


Regardless of whether you heat treat in small 
quantities or continuous production, Sunbeam 
Stewart engineers are well qualified to recommend 
the correct furnaces to meet your requirements. 

As a division of Sunbeam Corporation we have the 
opportunity of working with our furnaces in the pro- 
duction of Sunbeam appliances, lawn sprinklers, 
sheep shears, animal clippers, etc. In manufacturing 
our own products we must contend with practically 
every heat treating problem faced by industry—a 
position unique in the furnace manufacturing field. 

This experience with our own furnaces in both HARDENING, QUENCHING 
small or large volume production enables us to AND DRAWING UNIT 
render a service to you far beyond other manvufac- 
turers. That is one reason why Sunbeam Stewart ane i ie 
Furnace installations have been so successful. They . 
cre based not only on furnace engineering ability, 
but on practical experience under actual operating 
conditions. We have learned through actual experi- 
ence the factors that give longest furnace life... 
greatest production ... best quality . . . and lowest 
operating cost. 

Our highly trained technical staff of furnace engi- 
neers, who for over 50 years have built furnaces for 
the leading companies throughout the United States 
and abroad, are qualified to recommend the correct 
type of furnace to meet your requirements. 





4) 


A letter, wire or ‘phone call will promptly bring you informa- 
tion and details on Sunbeam Stewort Furnaces, either units for 
which plans are now ready or units especially designed to meet 
your needs. Or, if you prefer, a Sunbeam Stewart engineer 
will be glad to call and discuss your heat treating problem 








FR 
EE Vest-Pocket Heat Treating Data Book. MAIL today. PORTABLE OVEN FURNACE 


CHECK for information on furnaces to meet your needs eo 


Rent controlled a Electric high speed 0 Oven 
onderizing [) Electric pre-heat C) Pot 


Brazing f 
O g turnace oO Forging oO . 
(C) Car bottom ecirculating 


PS Cass lhaetintee 0D Galvanizing () Rivet heaters 
©) Combination C] Gas carburizing (] Rotary hearth forge 
t) Cemplete seolroem C) Gas nitriding C) Soldering iron heaters 
oO Continvovs production = High speed steel (] Tempering 

i LJ Metal melting C]} Tool hardening 


NAME 
TITLE 


COMPANY RECIRCULATING 


FURNACES 





ADDRESS 


SUNBEAM STEWART INDUSTRIAL FURNACE DIVISION of SUNBEAM fe) titel F-Vilel.| 


(Formerly CHICAGO FLEXIBLE SHAFT co.) 
New York 19—Detroit Office: 3049 E Grand Bivd., Detroit 2 
Toronto 9 


~ Ric 
am Office: Dept.108, 4433 Ogden Ave. Chicago 23—WNew York Office 322 W. 48th St 


Canada Factory: 321 Weston Rd., So 
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METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 





HERE ARE THE ADVANTAGES: 


1. Easier to handle... dimensions: 13!” x 6” x 2” 


—weight 14.4 lbs. 
No melting point ...no softening point 
Very high resistance to slag attack 
Immune to thermal shock 
Fewer joints to cement—a faster, sounder iob 
NATIONAL CARBON COMPANY, INC. Saves money all along the line 
Unit of Union Carbide and Carbon Corporation 
UCC OTHER NEW BRICK SIZES: 
Key brick 1312” x (6"-5") x 3”—weight 13.2 Ibs. 
Straight brick 9” x 6” x 3°~—weight 9.5 Ibs 


Division Sales Offices: Atlanta, Chicago, Dallas, Key brick 9” x (6° —5%,%") x 3°—weight 9.1 Ibs. 
Kansas City, New York, Pittsburgh, San Francisco 


The term “National” is a registered trade-mark of 


30 East 42nd Street, New York 17, N. Y. 


For more intormation, 


Foreign Department: New York, U.S. A. write to National Carbon Co., inc., Dept. MP 


These products sold in Conado by 
Canadian Notional Carbon Compony, itd., Toronto 4. 


* Weights in Ibs. per cubic foot of carbon vs. ceramic brick: Carbon—96. Firebrick—120-130. Acid-proof brick—148. Chrome brick—175-180. 


Vay, 1919; Page 697 





It doesn't pay 
fo 
PINCH PENNIES 




















CUTTING FLUIDS 


IN selecting cutting fluids, perform- 
ance — not price —is the important 
factor. Savings pinched out in pur- 
chasing are often thrown out in the 
scrap pile. A large Milwaukee screw 
products company learned this in 
machining Type 304 stainless steel 
tube stock on a single spindle Cleve- 
land Automatic, using Tantung high 
speed tools. Of several cutting fluids 
tried for this operation, D. A. Stuart's 
ThredKut 99 with paraffin oil was 
found to be the only one which would 
enable the shop to produce this job 
at a profit 

On the forming operation, Thred- 
Kut 99 permitted production of 500 
to G00 pieces per grind, as compared 
to only 100 to 145 with other oils; 
on drilling 300 to 400 pieces with 
ThredKut 99, only 75 to 100 with 
other oils; and 22 pieces per hour 
average with ThredKurt, only 8 with 
other oils! 

You can't get around performance 
records like these. Cutting oil at any 
reasonable price is a sound invest- 
ment when it pays off in longer tool 
life, increased production and de- 
sired finish. You can buy cheaper 
oils and more expensive oils, but in 
this case as in most others, it is wise 
economy to buy the Stuart oil best 
suited for the job. Write for booklet, 
Cutting Uluids for Better Machining. 


STUART sercce goes 
maith every Carrel 


2743 South Troy Street, Chicago 23, Ill. 
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(Starts on p. 690 
in degrees absolute) equals 40° of 
the melting point (Ts). 

Next comes an examination of 
the magnitude of strain hardening 
within grains. These formulas and 
their various parameters are too 
complicated to reproduce here. The 
reader must consult Kochendorfer’s 
book for derivations, anyway. 

Finally comes the crucial point 

the actual calculation of tensile 
strength for copper and aluminum 
through the whole range of strain 
rates and at temperatures up to 
600°C. for aluminum and 1000° C, 
for copper. The author has to as- 
sume some experimental value for 
the vield strength of the polyerys- 
talline metal in order to finish the 
calculations. He assumed 4200 psi. 
as the vield strength of aluminum 
and 10,000 psi. for copper. (He 
took these values, in kg. per sq.mm., 
from Guertler’s “Metallkalender”.) 
Both values are too high. It must 
be stated, however, that the final 
calculated values for tensile strength 
of aluminum at different strain 
rates and temperatures (none below 
0° C.) come out quite near the 
experimental values obtained by 
Nadai and Manjoine, although their 
experimental graphs were quite 
wavy for high speeds and dynamic 
loading. 

On the other hand, the author’s 
calculations for the tensile strength 
of copper are too low and he had 
to multiply by 1.26 to bring his 
value for unit speed into coinci- 
dence with the value obtained by 
Nadai and Manjoine. Other values 
so corrected also come out close 
enough if a logarithmic seale is 
used for strain rate. 

Kochendoérfer completes his ar- 
ticle by pointing the way for further 
work on the subject. He mentions 
that ten factors are involved in 
his formulas, of which four are 
approximately known as functions 
of the melting point, while the re 
maining six have to be determined 
experimentally. In short, four fae 
tors have to be accepted on some 
thing approaching sheer belief, and 
a great deal of experimental work 
is required in order to obtain the 
other six factors. Finally, the re 
sults would apply only for one 
given initial condition the fully 
annealed metal. 

As a matter of fact, the metal 


(Continued on p. 700 
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of SHEET METAL 


Use it for receiving, 
inspection and quality 
CONTROL 


Depth of draw 
indicated by 


direct reading 
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DUCTILITY 


TESTING MACHINE 
Model PA-2 


HOUSANDS of dollars of scrap ma- 

terial can often be saved by making 
this simple cup test. A flick of a switch 
operates machine. Speed of piston 
travel is adjustable within a wide range 
by simple dial setting. Load is applied 
automatically and uniformly to grip the 
specimen, followed immediately by 
penetrator to form cup. Pressure is 
accurately shown on large gauge with 
maximum indicating hand; depth of 
draw shown on depth indicator. Hy- 
draulically operated. Model PA-2 has 
15,000 Ib. capacity for stock up to 
thick; Model PA-3 has 30,000 Ib 
capacity for stock up to !4” thick 
Write for literature 


Give Us Your TESTING PROBLEM 


We have a thirty year record of solving 
testing problems for leading industries 
in America. We have a full line of 
Brinell hardness, transverse, tensile, 
ductility, compression and hydrostatic 
testing machines. We can produce the 
machine you need. Write for informa- 
tion on our entire line or send us details 
of your problem. 


Stoel City 


TESTING MACHINES, INC. 


8835 LIVERNOIS AVE. « DETROIT 4, MICH. 
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Operating Hour 


My 


Ever have a muffle crack, warp, sag or “boil 

out”? Or give at the welds? Years of metallur- 

gical study by Electro-Alloys have revealed these 

common troubles are generally due to improper 

welds and unsound castings. 
Thermalloy muffles are sound—inside and out—for three reasons: 
1. Close analysis control of Thermalloy develops optimum strength 
and ductility to resist cracking, warping and sagging. 


2. Careful foundry practice and metallurgical contro! produce quality 
castings—free of sand inclusions and other defects. 


3. X-ray inspection and pressure testing of both the welds and castings 
assure shipment of muffles that will give long, trouble-free service. 
These are the reasons why you'll find Thermalloy users saying, 
“Thermalloy lasts longer’. . . .““Gives us longer hours of service.” 
And that is why you'll get the “lowest cost per hour on the 
job” with Thermalloy. 

Whatever you need—retorts, trays, fixtures, chain conveyors 
or other heat treat equipment—you'll get longer life per dollar 
invested when you specify Thermalloy castings. Call your nearest 
Electro-Alloys engineer. Let hin show you how Thermalloy can 
cut your heat treating costs. Or write Electro-Alloys Division, 
1972 Taylor Street, Elyria, Ohio. 


SPECIFY CHEMALLOY FOR CORROSION RESISTANCE THERMALLOY FOR HEAT AND ABRASION RESISTANCE 





| AMERICAN 


Brake Shoe ELECTRO-ALLOYS DIVISION 
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product in reliable supply. Production is 
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adequate transportation. Warren LP Gas 
storage terminals at Newark, Houston 
Texas City, Mobile, Little Rock, Des Moines 
and Cedar Rapids assure you of ample 
stocks on hand at all times to fill your needs 


MADISON, WISCONSIN 
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TRAYS BY Slana'cod 
FOR EVERY PURPOSE 


Whatever your parts whatever your production 


problems there's a Stanwood tray ideally suited to 


your operating conditions. Stanwood specialists have de 
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to you. Let your nearest Stanwood sales engineer help 
you or write direct for catalogs and information, 
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lurgist or engineer needs to per 
form only a rather small number of 
experiments to determine the ten- 
sile strength of a given metal. 
Further, he will be more interested 
in the yield strength than in the 
tensile strength, and for this, Koch- 
endorfer merely accepts some 
experimental determination and 
extends it over the whole tempera- 
ture range on the basis of a simple 
parabolic formula taken ad hoc. 

Kochendorfer’s work does not 
bring us any nearer a theoretical 
understanding of the mechanical 
properties of metals. So far, all 
efforts to calculate the mechanical 
characteristics have been no more 
than 
this reviewer's opinion, sweeping 


mathematical exercises. In 
experimentation must precede the 
mathematical formulation of fune 
tional relations. The present atti- 
tude of theorists, as presented in 
sharp relief by Kochendorfer’s ar- 
ticle, is not aimed so much toward 
explaining things as toward proph 
esving likely magnitudes. M.G. C. 





STRESS-STRAIN 
RELATIONS* 








J H. PALM of the National Aero 
* nautical Institute, 
Amsterdam, begins his paper with 
a well-placed 
stress-strain equations developed 
empirically by P. Ludwik (1909) 
and abbreviated just as empiri- 
cally by J. H. Hollomon (1945). 


Among other reasons, he objects to 


Research 


criticism of the 


Ludwik’s and Hollomon’s equations 
because they would lead to an in- 
Hol- 
which has the 
requiring only two 
empirically - determined constants, 
was brought by Palm and Van 
Wijngaarden to the 
shape 


finite stress at infinite strain. 
lomon’s equation, 


advantage of 


symmetrical 


S n \n 
; a Nm 
in which S and yn are the instanta- 
neous values of stress and natural 
(Continued on p. 702) 
*Abstracted from “Stress-Strain 
Relations for Uni-Axial Loading”, by 


J. H. Palm, Appl. Sci. Res., Vol. Al, 
1948, p. 198-214. 





WHEN THERE’S HARD WORK AHEAD FOR STEEL PARTS 
oe. use Reoublic Cold Drawn Alloy Steel Bars 


When steel parts must carry heavy loads—or withstand 
severe shock and strain—or resist abrasion resulting 
from high speed or continuous use—you probably can 
keep equipment in use longer and cut maintenance and 
replacement costs by using Republic Cold Drawn Alloy 
Steel Bars. 


Republic Alloy Steels are exceptionally high in strength 
and toughness. They respond uniformly to hardening 
treatment. In cold drawn bar form, they provide the 
close tolerance, accuracy of section, fine surface finish 
and UNIFORM MACHINABILITY characteristic 
of Union Cold Drawn Products. Thus, they further add 


to economy by helping to cut parts production costs. 


Republic Cold Drawn Alloy Steel Bars are available in 
all popular analyses, in standard shapes and sizes, furnace 
treated as you require—annealed, normalized, heat treated, 


spheroidized, stress relieved or carbon corrected. 


Republic metallurgists are ready vow to help you get the 


results you need. Write for further information. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES ° CLEVELAND 1, OHIO 


Export Department: Chrysler Building, New York 17, New York 


ALLOY STEEL BARS 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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TO MUREX ELECTRODES- 


ENGINEERED TO GIVE YOU 
BETTER WELDER PERFORMANCE 


You'll experience entirely new arc welder performance—faster 

welding, better quality welds, lower power costs, and less main- 
tenance—with the new, up-to-the-minute M & T AC and DC arc 

welders. 


AC units feature Built-in Capacitors for low operating cost... 
Fingertip, Stepless Current Control for precise welding current... 
Wide Current Range plus Ample Overtravel for full rated output 
with long electrode leads. Furnished in 200 to 500 amp models 
for manual work; others for inert arc and automatic welding. 


DC units are Compact and Lightweight... half as big and half 

as heavy os older types... yet are built for full capacity, rugged 
industrial duty... and are equipped with Automatic Current 
Selector. Available in 150 to 400 amp models—motor-driven, 
engine-driven, belt-drive. 


M & T welding machines go hand in hand with M& T's “Select 70” 
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everything needed for arc welding ... arc welding of top-notch 
quality. Write today for descriptive data. 
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120 Broadway * New York 5,N. Y. 
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(Starts on p. 700) 
strain, while S, and n» are the val- 
ues at the maximum load. This 
equation gives true stress values 
greater than the actual ones below 
the maximum load and less than the 
actual ones above it. 

Proceeding from this point, 
Palm presents mathematical expres 
sions derived by his colleague, Van 
Wijngaarden, who turns out a new 
equation containing three constants 
that have to be approximated one 
after another. 

The mathematical development 
by Van Wijngaarden is based on 
an idealized structure of a metal 
plus a statistical (consequently non- 
idealized) distribution of glide 
planes. A large number of symbols 
is used and for most of them the 
precise meaning is not indicated. 
The illustrative stress-strain § dia 
grams contain P, and Py, curves 
passing through the points of maxi 
mum load, but the author does not 
state how these were obtained o1 
what they mean. 

The mathematical development 
of the formula is fully consistent 
down to equation (14), but then 
follows a mathematical jump from 
the shear-stress equation, which 
cannot be tested experimentally, to 
a normal-stress equation, by a mere 
change of symbols. This is a cute 
trick, but not quite justifiable. 

The fundamental equation (15) 
arrived at by Palm has three con 
stants the maximum true stress, 
the yield stress, and a “character 
istic strain” whose physical mean 
ing is quite obscure. Of the two 
stress constants, the maximum 
stress obtained asymptotically at 
an infinite strain is a phantom that 
could never be ascertained, just as 
an infinite strain could not be 
reached. A really worthwhile for 
mula would give the maximum true 
stress for a finite strain of definite 
physical meaning. 

In all these “mechanical equa 
tions of state”, their authors are 
trying to find a royal road _ that 
would supplant a tedious climb 
along a steep and rugged incline, 
and in so doing they unfortunately 
close their eyes to the fact that the 
stress-strain process involves three 
types of strain: elastic strain, hard- 
ening strain, and flow. In the first 
two the applied stress and the in- 
ternal change of stress hold each 

(Continued on p. 704) 
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MISCO Rolled Mill Forms 
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These Misco Alloys insure a correct alloy 
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temperature service from 1400 to 2100 F. 
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MISCO K—25 Chromium 
20 Nickel—Type 310 
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Make use of our big warehouse stocks of 
Misco Rolled Alloys for construction of 
heat resistant equipment like this. We 
have over 200 items of rolled mill forms 
ready for immediate shipment. For high 
quality heat resisting alloys—send your 
orders to Misco. Telephone Lorain 7-1545. 
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BURRELL 
FURNACES 


Furnaces for experimental melting, 

sintering, heat-treating and for other 

analytical procedures requiring high 

temperatures up to 2650° F. 

Bulletin 210 

"“Unit-Package” Tube Furnaces 

Bulletin 315 

“Dual-Range” Box and Muffle Fur- 
naces. 

Write for Literature. 


1942 FIFTH AVE 
PITTSBURGH 19 
PENNSYLVANIA 


BURRELL 
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COMBUSTION TUBES 


Recommended for carbon and sulfur 
— by combustion methods in analysis 
of ferrous materials, or other types 
of work requiring gas-tight tubes 
for temperatures up to 2900° F. They 
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both bore and wall thickness. Avail- 
able in various lengths and diam- 
eters. Write for Bulletin 214. 


1942 FIFTH AVE 
PITTSBURGH 19 
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other to a state of precarious, but 
close, equilibrium. During the flow 
they are not in equilibrium, for the 
process proceeds with an _ ever- 
increasing velocity, so that a spe- 
cific type of kinetic energy is 
generated in addition to the energy 
of elastic and hardening straining 

It is hopeless, on the basis of 
our present knowledge (or igno 
rance), to try to establish a stress 
Strain equation valid) beyond the 
point where flow begins. But even 
up to that point, the process in- 
volved would require at least two 
equations connecting the work with 
the stress or strain. The stress- 
strain diagram would then be a 
differential curve derived from 
those energy equations M. G.C. 





THE FRACTURE OF 
MILD STEEL PLATE* 








Tus REPORT is probably one of 

the most comprehensive and 
systematic treatments of a specific 
metallurgical problem ever pub 
lished. It covers the results of 430 
tests of mechanical characteristics, 
and more than half of these tests 
were made under continuous ob- 
servation of the deformations tak 
ing place in the process. 

The first part of the report pre- 
sents a rather pointed history of 
the cracking of ship plates in use 
and in the dock and of the experi- 
mental work done by previous in 
vestigators. It shows that, of all 
causes advanced, the presence of a 
noteh and of a low temperature are 
most important. The size of the 
plate seems to have no great effect, 
nnd the shape of the notch appar- 
ently does not mean much, although 
no machined notch can be consid 
ered representative of a natural 
erack. 

Phe second part relates to the 
method of testing. While ordinarily 
the investigators in this domain 
rely on some standard notched-bar 
impact test, the author used tensile 

*Abstracted from “The Fracture 
of Mild Steel Plate”, by C. F. Elam 
Tipper; Report No. R38 to the 
Admiralty Ship Welding Committee; 
sondon: His Majesty's Stationery 
Office; 1948. 

(Continued on p,. 706) 
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Dies are clean, produce maximun 
production all without exper 
sive hand maintenance! 


GET THE FACTS! Write today for 
Bulletin 1400 and learn how Hy 
dro-Finish can help you! Address 
PANGBORN CorporRATION, 1204 
Pangborn Bivd., Hagerstown, Md 


removal 
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and Dust Control Equipment 
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(Starts on p. 704) 
testing of notched strips having the 
full thickness of the original plate, 
the side surfaces being machined 
and even polished only when the 
development of Liiders lines was 
the object of study. 

The third part gives the details 
of the actual mechanical testing and 
the effects of pre-treatments. It 
concludes with a comparison of 
straight tensile testing against im- 
pact and tension-impact testing of 
notched pieces. The comparison is 
made in a most conservative tone; 
it seems, however, that the author 
established the advantages of 
straight tensile testing, which per- 
mits more profound observations 
concerning the mechanical charac- 
teristics and should be less costly. 

The fourth part examines the 
effects of structure, especially of 
laminations and grain size. The 
author assumes in accord with 
existing ideas that the grain size 
should have a substantial effect, but 
states that the changes in transition 
temperature cannot be traced to 
grain size, preferred orientation, or 
even composition. 

The fifth part of the report deals 
with a theoretical and experimental 
examination of the effects of a 
notch on the principal stresses and 
on the resulting hardening of the 
plates. A simple mathematical 
analysis of the stress-strain curves 
is given. It may be questioned, 
however, whether even the elastic 
strains in the region of the notch 
could be examined on the basis of 
Hooke’s law, as is done by the 
author. 

In the section dealing with frac 
ture the author states that, in the 
normal tensile test, fracture starts 
at the center of the (round) bar, 
for there the tensile stresses are the 
greatest. This is, of course, the ac 
cepted theory, but why should the 
stress at the axis be the maximum? 
How strong are the experimental 
foundations for the statement that 
the fracture in ductile materials al 
ways Starts at the axis? Could not 
the test bars taken from rolled rods 
be naturally weaker at the axis, 
because that position corresponds 
to the axis of the ingot? And, fi- 
nally, could not the test bar begin 
to fracture at the center simply be- 
cause the metal along the axis can- 
not flow away from the axis? 

(Continued on p. 708) 
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Most important in this part of 
the report is the section dealing 
with the formation of cracks and 
fractures, which problem was stud- 
ied on large samples of two steel 
plates pulled in a most unsym- 
metrical manner with the aid of 
two heavy grips welded on above 
and below the notch. This section 
must be studied in full it cannot 
be condensed without creating an 
erroneous picture. 

The sixth part of the report 
examines the results obtained and 
might be termed a statistical pic- 
ture of the transition ranges. It is 
stated that no mild steel has a 
transition range low enough to in 
sure against sudden fracturing and 
that it would be virtually impossi- 
ble to check every plate for the 
position of its specific transition 
range. Furthermore and this, of 
course, is well known a welded 
ship has a structural continuity that 
accentuates the propagation of the 
crack, 

Unfortunately, the author does 
not emphasize strongly enough the 
last sentence of her report. She 
simply mentions that an increase 
in ductility by lowering the carbon 
content or by adding alloying ele- 
ments might be useful. As a matter 
of fact, the addition of the neces- 
sary alloying elements would not 
increase the cost of ship building 
in a prohibitive manner and the 
corresponding steel would have a 
higher strength and a higher ductil 
ity at temperatures far below the 
freezing point of sea water. 

Two more questions come to 
mind when reading Mrs. Tipper’s 
meaty report. All sixteen samples 
of steel plate which she examined 
vielded nearly the same tensile 
strength across the notched section 
as in the ordinary tensile test. This 
was found also by Kunze but ap 
pears never to have been discussed 
thoroughly It seems that two 
answers might be logical: (a) A 
metal hardens in tension only as 
far as is necessary to maintain the 
strength of the bulk; (b) the ab- 
sence of a plastic deformation along 
the plane of the notch (no neck) 
is only apparent, the notch main 
taining intact only the volume of 
the metal in the narrow strip lim- 
ited by the root of the notch, but 
not preventing enough flow from 

(Continued on p. 710 
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LOST! 


3 BILLION DOLLARS 
EVERY YEAR 


The annual toll taken by the ele- 
ments that cause rust and corrosion 
is staggering. How much of this 
are you needlessly paying in 
costly replacement and mainte- 
nance because you didn’t pro- 
vide protection for exposed in- 
stallations and equipment 


Hot-Dip Galvanizing 
Seals in the Base Metal 


When base metal is encased in rust- 
preventing zinc by the Hot-Dip 
Galvanizing process the ravages of 
rust and corrosion can’t touch the 
metal because it is sealed in. Rust 
and corrosive elements are sealed 
out 


Write for Membership Roster 


Every member of this Association 
has the cumulative experience of 
the entire membership at his dis- 
posal. He has the most modern 
equipment and a trained organiza- 
tion that are at your service. For 
membership roster, write The Sec- 
retary, American Hot Dip Galvan- 
izers Association, Inc., First National 
Bank Building, Pittsburgh, Pa 


hot-dip 


GALVANIZING 











Specially annealed for easy machining @ Hardens with 


minimum distortion and size change © Hardens without 


danger of cracking even in the most intricate designs 


OTHER 
FIRST QUALITY 
Die Steels for Cold Work 


CROCAR 

OHIO DIE 

AIR HARD 
COLONIAL NO. 4 

RED STAR TUNGSTEN 


In addition to die steel uses such as blanking, forming and trimming, 
this versatile steel is good for taps, reamers, broaches, gauges, 
bushings, mandrels, rolls, cams, shears, lathe centers and many 
other jobs that tool rooms are called upon to supply in a hurry 
Of course you can’t carry a supply of all the special tool steels 
that are designed to give maximum performance on each specific 
application (that's why we maintain warehouse stocks in principal 
manufacturing centers), but you can have a general purpose tool 
room stock and be sure it's a wise investment—just specify: 


N Om NAB 


Vanadium-Alloys 


STEEL COMPANY 


LATROBE, PENNA 


Colonial Steel Division Anchor Drawn Steel Co. 











a. 


DESIGN 
as it affects 
metallurgy 


Production of efficient 
machine parts at low cost 
requires the correlation of 
three fundamental factors, 
Design, Material and 


Treatment. 


To assist designers we have 
prepared a 100 pp book 
“Three Keys to Satisfac- 
tion” in which the bearing 
of each factor on produc- 
tion of machine parts is 
discussed. The conclusion 
is drawn that, of the three, 
Design is the most impor- 


tant factor. 


Copies of this most useful 
book will be sent, on appli- 
cation, free to designers 


and engineers. 


Climax Molybdenum Company 
—— 


500 Fifth Avenue 
New York City 





Please send your 


FREE BOOKLET 
3 KEYS To SATISFACTION 


Name. 
Position... 
Company... 





THE FRACTURE OF 
MILD STEEL PLATE 











(Starts on p. 704) 

and into this strip to harden it 
considerably. At any rate, this con- 
stancy of tensile strength remains 
a rather queer phenomenon, which 
will require many more investiga- 
tions, even when the problem of 
ship plate is long solved and 
forgotten. 

Mrs. Tipper’s answer to the 
problem posed is 100° correct as 
far as the temperature effect goes. 
However, she accepts in common 
with all other investigators and 
metallurgists the axiom of the notch 
effect. But is it actually possible 
for deep notches to form on the 
surface of the ship plates in serv- 
ice? A seratch a few inches long 
and about 0.01 in. deep could 
hardly be called a “natural notch” 
of extreme sharpness, and a proper 
inspection would eliminate even 
such scratches. Is it not more likely 
that a continuously welded ship 
structure might contain localized 
areas of extremely high residual 
stress that cause cracking after the 
ship has passed through a certain 
number of vibrations? If so, only 
proper stress relieving might pro- 
vide the positive answer to the 
problem. a; Go 4. 





RECRYSTALLIZATION 
OF ALUMINUM* 





THI AUTHORS examined the 

characteristics of two high 
purity samples of aluminum = (re 
ported as 99.998 and 99.990 Al) 
as annealed for identical durations 
at various temperatures and for 
various durations at constant tem 
peratures. The essential conclusions 
were: (a/ as much as 0.008 im 
purities will shift the annealing 
temperatures upward by 100 to 
150° C., ¢b) the shift depends or: 


*Abstracted from “The Influence 
of Slight Traces of Impurities and of 
Work Hardening on the Variation in 
Mechanical Properties of Aluminum 
During Recrystallization”, by Henr 
Chossat, Michel Mouflard, Paul 
Lacombe and Georges Chaudron, 

tes Re ndus, ol. 227 1948, p. 
32; and “Recrystallization of High 
Purity Aluminum by Isothermal Ar 
nealing”, by Chossat, Lacombe and 
Chaudron, Comptes Rendus, Vol. 227, 
1948, p. 593 

(Continued on p. 712) 
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YOU'VE GOT 
TO BE SURE OF 
YOUR HARDNESS 
» « « UNSTS Ree 


HY Sriws fu 
TEST BLOCKS 


~- a id 
Price Each: $1.50, F.0.B. Detroit 


Your hardness tester is 
useful only when you 
are sure if is giving you 
accurate, dependable 
readings. You can rely 
on the accuracy of 
your hardness tester 
when you check it reg- 
ularly with CLARK 
standard test blocks 
CLARK test blocks, 
in various hardness 
grades, provide a 
quick, sure and simple 
method of assuring ac- 
curate hardness tester 


reading. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICHIGAN 





These Boxes Saved Thousands of Carburizing Hours 


Introduced 21 Years ago, Records of Pressed Steel Co. Carburizing Boxes 
Show 2/3 Lighter Weight Saves Time and Fuel. 2 to 7 Times Longer Life. 


The life story of the carburizing boxes pictured above 
began in 1928. That was the year in which The 
Pressed Steel Co. introduced this revolutionary type 
of container. Welded from sheet alloy, these new 
boxes when loaded actually weighed less than the 
previous cast alloy boxes empty. 21 years later, these 
light-weight carburizing containers are the choice of 
80’. of the heat-treating industry. Here are some 
reasons why. 


Records of the above and other early installations 
show that the service life of these carburizing boxes 
is from 2 to 7 times that of cast boxes, representing 
remarkable savings in replacement cost. By cutting 
2/3 off the weight of this equipment, ‘Pressed Steel’ 
units have effected these three added savings: 


TIME SAVING--Need less time and fuel to 
attain pot heat. Some plant records show sav- 


ings of thousands of hours. 
LABOR SAVING--Handle easier and faster. 
SPACE SAVING--Being less bulky than cast 


boxes, installations have frequently doubled 
furnace capacity. 


‘Pressed Steel’ light-weight sheet alloy heat-tfeating 
units are furnished in any size, design or metal speci- 
fication: boxes, covers, baskets, racks, tubes, retorts, 
etc. As pioneers of welded alloy heat-treating equip- 
ment, we offer you a wealth of experi- 
Send 


blue prints or write as to your needs. 


enced engineering assistance. 


The 
PRESSED STEEL 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 


OFFICES 


IN PRINCIPAL CITIES 
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Which of these books 
will help you most? 


Check the ones you want and 
SEE THEM ON APPROVAL 


1. Engineering Metals 
and their Alloys 


By Carl Samans. A complete, clear knowl- 
edge of modern metals—their production, 
fabrication, characteristics, and basic 
theory—is given in the form most useful 
to design and purchasing engineers. Here 
you will find what you want to know on 
new high-strength, light metals, alloys re- 
sistant to corrosion or abrasion, and all 
other alloys now available for special en- 
gineering needs. This book will enable 
you to be sure you are solving your mate- 
rials problems in the most efficient, eco- 
nomical way. $7.50 


2. Powder Metallurgy 


By Paul Schwarzkop}. Completely explains the 
characteristics, processing, products and theory 
af materials that have effected savings as high as 

have solved many special engineering 
bc Me and are today especially important in 
new engineering projects $8.00 


3. Simplified Punch and 
Diemaking 


By J. Walker & C. Taylor. “Obviously written by 
men who know their business, this book has 
proved very useful for die designing,” says the 
Tool Engineer of one large concern $5.00 


4. Illustrated Jig-Tooling 
Dictionary 


By T. G. Thompson & R. A. Peterson. 988 work 
drawings with concise explanations show 
at a glance what you want to know about 

any tooling procedure or piece of equipment 

so 


5. Making Patent 
Drawings 


By H. Radzinsky. Complete instruction in all 
special techniques required for patent applica- 
tion drawings, with much valuable advice from 
4 patent attorney of 40 vears experience. $3.00 


6. Improved Foremanship 


By A. Uris. Tells the production supervisor in 
plain down-to-earth terms everything he needs 
to know in order to be successful. Very reward 
ing for any shop man and also for his boss. $4.50 


.o SEE THEM FREE... om “ 


The Macmillan Co., 60 Fifth Ave., New York 11 


Please send me on 10 days approval copies 


l of the books checked by number below. 
0. 2. 3. 4 5. 6. 


| Signed t 
Company 
| Address 1 
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RECRYSTALLIZATION 
OF ALUMINUM 





(Starts on p. 710) 

the amount of work hardening and, 
aus far as indentation hardness 1s 
concerned, it will amount to 200° C. 
for 95¢. cold work and only 75° C. 
for 60° cold work, (c’) high de 
yrees of work hardening result in 
sharp S-shaped curves for hardness 
as a function of temperature, while 
low degrees of cold work (up to 
20°,) result in much flatter curves 

Only a 99.9906; 
hardened to 95% 
tested by isothermal annealing at 
206, 245 and 285° C. Mechanical 
characteristics plotted against the 
logarithm of time indicate three 
stages of annealing: (a) initial 


aluminum, work 
reduction, was 


softening, ¢(b) constant characte 
actual recrystallization. 
isothermal diagram for 


istics, (¢ 

In the 
245" ( (the only one presented) il 
seems rather strange that the photo 
recorded stress iin dilagran 
should show an equality of — the 
elastic limit and the tensile strength 
in the first st: Apparently 


Chevenard’s microtesting machine 


lacks sensitivity and misses the truce 
elastic limit completely 
Semilog 


curves a queer look. 


plotting gives” the 
Plotted in the 
ordinary manner, the data might 
have shown only two stages 
recovery and reerystallization 
In their twice electrolytically 
purified aluminum, the tuthors 
determined four impurities Ciron 
Silicon, copper and zine) by colori 
metric methods and by semiquan 
titative spectrographic trnalysis 
Neither the original nor the final 
dimensions of the strip samples are 
viven and the 
reached for the 


shown as 30¢,, while the less pure 


highest clongation 
purest sample is 
sample reached 37 at the same 
temperature, then declined. Usually 
t sound sample of wrought and 
vnnealed aluminum of high purity 
reaches an elongation of about 50 
in a Standard tensile test. It is im 
possible to judge whether the low 
Inaximum elongations observed by 
the investigators were caused by 
the peculiarities of the test: (shape 
of the specimen, lack of true axial 
ity of the load applied) or by oxi 
dation of the (Thin 
sumples of aluminum should be an- 


specimens. 


ealed in a vacuum or in a neutral 
medium.) It is regrettable that the 
reduction in area and the shape of 
the fracture are rarely reported in 
French papers. M.G.€ 
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THERMOCOUPLE 
EXTENSION 
LEAD WIRE 


There are two good reasons why we stress 
Gordon Quality and Gordon Service. (1) 
The precision quality of Gordon Thermocou- 
ple Extension Lead Wire is based upon 32 
years of experience in careful selection and 
inspection to meet rigid insulation require- 
ments. (2) Gordon's Chicago and Cleve- 
land plants carry complete stocks of Ther- 
mocouple Extension Lead Wire for practi- 
cally every application. (See illustrations 
below.) This means that your order gets im- 
mediate delivery of a QUALITY product— 
one that meets Bureau of Standards Specif. 
cations. ORDER NOW! No waiting or de- 
lay. Prices available upon request 


a e 


Se 





COPPER-CONSTANTAN, Co 12 A.14 90 LID- 
OUPLEX, each wire cotton, rubber rite Bek only broid 
leod sheath overall 





CLAUD S. GORDON CO. 


Speciolisis for 33 Years in the Heat-Treating 
ond Temperoture Control! Field 

Dept. 15, 3000 South Wallace St.. Chicago 16, 11 

Dept 15, 7016 Euclid Avenue © Cleveland 3, Ohie 
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Joh-Fitted Super Refractories 


currently difterent 
types of furnaces and kilns. In their of 
eration, a 


Industry uses many 


wide range of Conditions 1s 


developed. Even in similar furnaces 
handling comparable products, condi 


tions seldom are identical 


A complexity of refractory requirements 
naturally results. That's why a large vari 
ety of refractories is needed. It explains 
the availability of numerous kinds 


Diversity is even more essential in super 
retractories. Intended tor use in specity 
areas of manifold installations, they 
must offer a | 
properties 


broad range of special 


Hence, no single super re 
tractory 1s suitable for all jobs. The need 
for a group ot super refractories 15 


quickly evident 


The line of Super Retractories 


CARBORUNDUM 


materials 


includes several 


They are silicon 


mullite ill 


istinct Dasi 
icts. They possess 
characteristics of 


lar types ot 


nique 
ap} lications 
modifications and prain 

1 class of material also con 
sists Of many varieties. In this way cer 
tain properties are 


ect varica requirements 


enhanced to better 


hat’s the reason Super Refractories by 
CARBORUNDUM 


ribed tanlor-made 


ire so aptly 1€ 
prod icts. They 
1 for the job. So, 10S Only 

they give greatest service 


lowest possibie cost 


Physical Properties of Super Refractories by CARBORUNDUM 


TRADE MARK 





CARBOFRAX MULLFRAX 


ALFRAXB ALFRAX Bi 





Heat Conductivity 
i 2200°F. in BTU / 
hr. sq. ft. and °F. 
/in. of thickness 


9 BTU 


248TU 8 128TU 7 BTU 








Good Good 





Medium low 


Ceramic Kiln Utilizes Job-Fitted 
Super Refractories 


In this straight-line if 
CARBOFRAX silicon carbid 


1 
Stalied in the firing zone issure ray 1d 


ctivity, freedom 


ind uniform heat cond 
fro racking, high strength and out 
Standing refractoriness 


ALFRAX aluminum oxide m tile 


adgyacecl to ftir 


In the balas ot 
MULLFRAX 





THERMAL 
EXPANSION 
(25°—1400° C.) 


38-39 
High 
Medium 
000005 





800-3125 100-250 


RUPTURE 
@ 2460° F. Pst 


175-475 


100-1050 100-225 50-100 





9 IM. STRAIGHT 9.25 ibs. 9 tbs. 


8 ths. 


10.1 tbs. 7.25 tbs. 4.8 Ibs. 


Advantages Realized in Selecting 
The Right Super Refractories 


penerators 


Gas 


oper 


CARBOFRAX s 
Among other 


nen they 





Carhorundum Carbofrar Maiijr 


Address all correspondence to: Dept 





J-59, THE CARBORUNDUM COMPANY, Refractories Division, Perth Amboy, New Jersey 


Continued on other side 
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<—« Continued from other side 
haracteristics of this material provide 
greater gas make at less cost per MCF 
of gas produced, a 30 to 50% reduction 
in down time tor cleaning and longer 
lite per dollar invested. These benetits 
ire realized in more than 350 installa 
tions even thous 


eval mMelPod ATs % Ple Plaini 


The answer is found in the experienced 
selection and application of moditied 
varieties of CARBOFRAX linings where 
required to Meet conditions encountered 


in specific installations 


Doubling Skid-Rail Service 


These vas-fired furnaces are used to heat 


treat steel rings for ball bearing race 

S for large truck wheels 

SO! tn parts treated weigh as 

uch poun Operating tem 
perature 


t failed in less than six months. Warpage salvaged. Over-all savings, 1 


Under these conditions, CARBOFRAX — and deformation have been eliminated production and completely s: 
silicon carbide skid rails now give more Repair and replacement time have been _ performance fully justify job-titt 


yeen = refractories in this install 


than a year's service where alloy rails saved. Lost production tion 


A complete file of informative literature 
covering super refractories is available 
ons imptuion, increased on carbid 1 1d ails are mad m through The Corborundum Company 
| Th > f and fic >s 
lality ware and more ALFRAX aluminun i F ere are facts and figures 
I n specific fields. To obtair 
i y ten peratures resu Tex ar in DI facir ire made et celia cece cael cleans 
¢ application of Super Retracto ‘tt neler wastewe al CAME AY cieae ica denain aati dha 
y CARBORUNDUM itn this con- eal ie: . from the list printed here. Conic 
cnameling furnace sent you at once. No obligat 
. . ul ri uct Ics uper Refractorie A YR 
er refractories are 2 ! Super ractories by CARBORUNDUM 
. i 7 , te) general taloc 
est service under vary u ig ( \ ( genera! catalog 
Super Refractories for the 
Ceran ndu 


tferent furnace zones 
Side walls and hearth are made of two 


. sil Super Refractor 
litterent varieties of CARBOFRAX sili , 


Process Industry 


Super Refractories for B or 


Job-Fitted Super Refractories Being Fitted for the Job Super Refractories § 


Heat Treatment Furnaces 


Section of CARBO 


, 1 Super Refractories for Ga penerator 
FRAX silicon car assembled for checking I tor up etractorie G era 
jati rl The FRAX Line of Cements 


acid furnace shipment. Repla F 
CARBOFRAX dor prod CARBOFRAX Refractory 
non DV two and more til Viti it} Bulletins Nos. 1, 2, 3 

Systems and Diffuser 


riati 


creasing fuel consump 


possible Dy the ivt thermal ol 


tivity and emissivity of CARBOFRAX 
shapes. Their exceptional hot strengt! 
cp iouiate a THE CARBORUNDUM COMPANY 
ag ' t R D 
PERTH AMBOY, NEW JERSEY 


Dept. No. J-59 





Wherever Purity Counts... Azmemee5— 


REAGENTS 


STanocearo 


PuRity 


FINE CHEMICALS 


BAKER & ADAMSON 


“¢€.P.’ ACIDS 


AND AMMONIA 


Surpass 
A.C. S. 


SPECIFICATIONS: 


For your high purity requirements, 
in the laboratory or in production, specify 
B&A Reagent Acids and Ammonia. 

With B&A, you can be certain of receiv- 
ing products which always meet the strict- 
est standards of the chemical profession. 
Ton after ton, year after year, their purity 
consistently exceeds that specified for care- 
ful analytical work by the American 
Chemical Society. That’s because exacting 
quality control governs every step in pro- 


ducing B&A “C.P.” Acids. 


They are purity packaged, too, in 1 lb. 
and 5 pint bottles, as well as in B&A’s 
completely covered 614 gallon carboy, 
with screw-cap closure to protect product 
quality in transit and in storage. 

B&A’s “C.P.” Acid producing facilities 
are located in industrial centers from coast 
to coast. In addition, extensive stocks are 
carried in its nation-wide chain of dis- 
tributing stations . . . a combination that 
assures you of a reliable source for purity 
products at all times. For your needs, 
phone or write any B&A office below. 


BAKER & ADAMSON AKeegexie 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


Ofices 


land* © Denver* © Detroit® © 


———— = === =—40 RECTOR STREET, NEW YORK 6, N.Y." "=== === 


y* © Atlanta © Baltimore © Birmingham® © Boston® © Bridgeport® ¢ Buffalo® © Charlore® 
« 


¢ Houston® © KansasCity © Los Angeles* © Minneapolis 
© Philadelphia® © Picsburgh® ¢ Portland (Ore.) © Providence® 


Seattle © Wenatchee (Wash.) © Yakima (Wash.) 


© St. louis® © San Francisco* 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis 


In Canada: The Nichols Chemical Company, Limited « Montreal* 
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« Toronto* « Vancouver* 


* Complete stocks are carried here. 














ZIRCONIUM 
AND TANTALUM 





S a follow-up of the extensive 

information on titanium pub 
lished in the February and March 
issues of Metal Progress, some re- 
marks on similar metals are quoted 
from Industrial Bulletin of Arthur 
ID. Little, Ine.. March 1949 issue 

Zirconium, the sister metal of 
titanium, is resistant to corrosion 
by many acids. In applications 
where this is an asset, zirconium 
may in time supplant tantalum, 
which is less plentiful and two and 
a half times heavier. Although most 
of the zirconium minerals used in 
this country are imported, there are 
substantial domestic deposits, which 
may lower the when less 
costly processes are developed. 


price 


Because zirconium i even more 
reactive than titanium when hot, 
greater care must be taken to ex- 
clude air and moisture during reduc- 
tion. The preparation and properties 
of pure zirconium are being studied 
at the U. S. Bureau of Mines. The 
metal may be useful as a structural 
material in atomic power plants. 


Tantalum is not plentiful enough 
for large-scale use (peak wartime 
production was just over 50 tons a 
vear), but the metal has interesting 
possibilities. It is heavy and inert, 
totally unaffected by most acids, and 
this resistance to corrosion has 
made it useful in acid plants. First 
produced commercially in 1922, it 
was used in rectifier cells for early 
radio sets. Its high melting point, 
5400° F., now makes it especially 
useful for high-vacuum radio tubes 
where its low volatility at high 
temperatures and ability to absorb 
gases when heated are also assets. 

Tantalum has been used in sur- 
gery, Since it is not attacked by body 
fluids. Portions of bone have been 
replaced with tantalum, and braided 
tantalum sutures are particularly 
useful in plastic surgery. A recent 
development is a tantalum liner for 
the back of glass eyes, to reduce 
irritation of the eve sockets. 

The high price of tantalum in 
powder form, $38 a pound, reflects 
the cost of the ore, 6000 a ton, 
which is searce and dispersed 
through Africa, Australia, South 
America, and the United States. Al 
though use will be restricted to 
special applications, expansion of 
the electronics industry may make 
tantalum a more familiar metal. 





AMERSIL SILICA TRAYS 


—are suitable for repeated applications involving tempera- 
tures up to 1000°C. These trays are chemically inert —will 
not contaminate material treated—will withstand extreme 
thermal shock. For applications demanding temperatures 
over 1000°C., Amersil Trays may be used for short periods. 


TYPICAL APPLICATIONS 


Roasting of fluorescent powders, ores and pigments. 
Sintering of powdered metals. 
Corrotiive chemical handling. 


Amersil Silica Trays are available in stock sizes and special 
sizes on short order. Flat, overlapping or matching covers 


can be furnished. 


Write to Dept. “A” for further information. 


* Trade Name Registered 


AMERSIL COMPANY Ine. 


CHESTNUT AVENUE 


ENGELHARD 


HILLSIDE 5, N. J 
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MECHANISM OF THE 
ROLLING PROCESS* 





THs is a systematic piece of 

work, undertaken in order to 
produce a clearer picture of the 
mechanism of the process for the 
benefit of metallurgists and the 
designers of rolls and rolling mills. 

Professor Emicke’s work began 
with the establishment of the me 
chanical characteristics of alumi 
num, two types of duralumin 
400° C. and 
cooled in order to eliminate pre 
cipitation hardening) and an alu 
minum alloy with 7% Mg and 
0.4°° Mn, at different stages of cold 
reduction obtained in a single pass 
through the rolls (0 to 42 reduc 
tion in 10 stages). Of the three 
figures so obtained (Brinell hard 
vield 
Emicke used only” the 
vield strength in his computations. 

All his samples had an initial 
width of 100 mm. The diameter 
of the rolls was 360 mm. No lubri 
cant was used. The rolling velocity, 
torque, and = roll pressure 
registered automatically. For the 
pressure, a plezometric 


(annealed at slowly 


tensile strength and 


strength) 


Hess, 


were 


indicator 
developed by Zeiss was used. 

rhe experiments leading to the 
establishment of the specific for 
iulas and theories were performed 
on well-annealed slabs from 3. to 
o0 mm. thick, cold rolled in one 
pass to 5, 10, 20, 30, and 40% 
reduction. Two samples of steel 
initial 
from 3 to 15 mm., and their reduc 
tion went to only 30°. 
of torque versus initial thickness 
showed straight linear 
trend; diagrams of pressure versus 
initial thickness look parabolic. 

Iwo other diagrams show the 


were used i thicknesses 


Diagrams 


almost a 


relation between the resistance to 
the change of shape and the lever 
age of the pressure on one side and 
the initial thickness of the slabs on 
the other. Both the resistance and 
leverage have been calculated from 
the simple formulas of E. Siebel, 
given in 1923 and 1932. The mean- 
(Continued on p. 716) 


*Abstracted from “Fundamental 
Investigations on the Hot and Cold 
Rolling of Metals to Sheet and Strip, 
With Special Reference to Aluminum, 
Wrought Aluminum Alloys, Electro- 
lytic Lead, and [Two Low-Carbon 
Special] Steels [Containing 15% Ni 
and 5% Al, Respectively]”, by Otto 
Emicke and K.-H. Lucas, Zeitschrift 
fiir Metallkunde, Vol. 34, 1942, p. 
25-38 and 49-58. 
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When tools and dies must take slam-bang shocks it's a 
job for 67 Chisel. This is a tool steel engineered for 
maximum shock-resistance. Toolmakers can rely on its 
capacity to withstand heavy, repeated impacts day after 
day, both on cold and hot work. 






Cold-Work Applications: Cold-battering tools, chiping 
chisels, calking and beading tools, shear blades, 
punches, forming dies, cutting pliers. Carburized for 
extra wear-resistance, 67 Chisel is the first choice for 
master hobs used in cold-hobbing cavity molds. It is 
also recommended for tools having deep recesses, 
sharp corners, slender shanks— wherever great strength 


is needed. 


Punch and two-piece die for forming parts 
from 1/16-in. steel strip. Toughness was 
required here, but the user reports satisfac- 
tion with 67 Chisel because of its long- 
wearing properties, easy machining, and 
overall economy in production. 


_ fir 


Tolerance on dies is kept within 


.0005 in. 


nisel 





SSS U// ae | 
“6HOCK 


7. a 









| | Ts / 2 


oots 





- “ ee) 
oe “ 





>. a 

This toolmaker is putting the finishing touches on a striking punch of 67 
Chisel. Having a hardness of Rockwell C-58, this tool must withstand con- 
siderable shock in producing an automotive part on a 50-ton press 


Hot-Work Applications: Headers, piercers, forming 
tools, inserts for drop-forge dies, heavy shear blades, 
and the like. Having a good red-hardness value, 67 
Chisel has many hot-work applications where the 
operating temperatures of the tool are below 1050 F. 


Outstanding Properties. 67 Chisel is easy to forge, 
machine, and heat-treat. Here are typical results with 
a 34-in. bar, hardened at 1750 F and oil-quenched: 
Charpy, Tensile, 
Temper, F ft-lb RockwellC psi 


400 (for cold work) 180 56.5 315,000 
1050 (for hot work) 200 47 230,000 


iby Si Cr Ww V 
Analysis: 0.50 0.75 1.15 2.50 0.20 
Prompt Deliveries. 67 Chisel is available in many 
standard sizes at our mill depot. Also stocked by many 
of our tool steel distributors. Get full details from the 
nearest Bethlehem sales oftice. Better still, order a test 
bar and see for yourself how tough 67 Chisel reaily is! 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Stee! Corporation 
Export Distributor: Bethlehem Stee! Export Corporation 


—— 
gETHLEHEy 
STEEL 


67 Chisel . . . one of Bethlehem’s Fine Tool Steels 























MECHANISM OF THE 
ROLLING PROCESS 





(Starts on p. 714) 

ing of these diagrams is not ana- 
lyzed, but it looks as if the author 
intended to show that there is no 
constancy in the “resistance to 
change of shape” and that the lever- 
age of pressure does not stand in 
any precise relationship to the 
length of the contact line between 
the slab and the roll. The con- 
stancy of that relationship begins 
only above 20% reduction for 
steels and at 30% for lead and for 
aluminum alloys. According to 
Siebel it should be roughly 50% 
for all metals under all conditions 
of cold rolling. Emicke shows that 
for soft metal it can go to 60 and 
70% at low reductions and heavy 
thicknesses, but drops to 30 or 
40% at higher reductions. For the 
harder metals it reaches 50% at low 
reductions and heavy thicknesses, 
but drops to 30 or 35% later. 

Emicke finds that the true aver- 
age yield strength of the metal is 
connected with the torque in a 
straight linear relation. He claims 


that the relation between pressure 
and yield strength is also quite 
precise, but gives no analysis of 
the corresponding curves. 

On the basis of his experiments 
Emicke suggests that the theoretical 
torque must equal the product of 
the average yield strength for the 
reduction planned, by the value of 
the reduction in thickness and by 
the average width of the slab. He 
shows further that the margins be- 
tween the computed and measured 
torques for 30 and 40% reductions 
are identical and claims this to 
furnish proof for his formula. He 
shows also that with the leverage 
not exceeding an angle of 8° at the 
highest reductions it is immaterial 
whether one considers the roll 
pressure to act vertically or at an 
angle as Siebel does. 

Emicke shows further that the 
friction factor computable from the 
torque and the roll pressure would 
not permit the rolls to pull in the 
slabs if the latter touched the roll 
at an angle greater than 7'2°, while 
actually a contact angle of 24° is 
feasible, meaning that the true 
friction is about 2.6 times greater. 
Emicke states that so far all his 
figures apply only to the specific 
conditions of his investigation. 

(Continued on p. 718) 








A practical TENSILE TESTER 


This compact, 34” high machine 
is simple, accurate and fast to oper- 
ate in the testing of tensile strengths 
up to 20,000 pounds. 
controlled ram with handy specimen 
grips and adjustable pulling mem- 
bers give this tester its ease and 
speed of operation. . . . Various 
load gauges and grips are available 
for specific requirements. 


Card or 


FOR 
Spotwelds, Strip, 


Wire, etc. 


... An easily- 


Letter Will Bring 


Descriptive Literature 








DETROIT TESTING MACHINE CO. 


9390 Grinnell Avenue 


Detroit 13, Michigan 
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The series of 


2 0 articles on 


THTAMUM 


which ran in recent is- 
sues of Metal Progress 
has now been reprinted 
as a 42-page pamphlet. 
These articles discuss: 
PRODUCTION OF 
POWDER 
CONSOLIDATION OF 
POWDER 
INDUCTION AND 
ARC MELTING 
VACUUM MELTING 
AND CASTING 
SPOT WELDING 
PHYSICAL 
PROPERTIES 
MECHANICAL 
PROPERTIES 
HIGH-TEMPERATURE 
PROPERTIES 
CORROSION 
RESISTANCE 
TITANIUM ALLOYS 


SELECTED BIBLIOGRA- 
PHY OF 114 RECENT 
REFERENCES 


$9.00 copy 


Sead your check and 
order to . 


American 
Society for 
Metals 


7301 Euclid Avenue 
Cleveland 3 - Ohio 








General Electric builds electric furnaces and as- 
sociated equipment for practically every indus- 
trial heat-treating process. For more information 
on G-E Furnaces or on G-E Induction and Dielec- 
tric heating equipment, consult the nearest G-E 
office; an Industrial Heating Specialist will be 
glad to make specific recommendations for your 
particular job or write te Apparatus Dept., Sect. 
720-3, General Electric Co., Schenectady 5, N. Y. 





As reported in STEEL* 


“BEHIND-the-scenes mechanical 
factor responsible for the high volume 
production of finned condensers in 
the Buffalo plant of Fedders-Quigan 
Corp., is the latest type roller hearth, 
controlled atmosphere brazing fur- 
nace. Combined with other up-to-date 
materials handling and processing 
equipment, it not only is aiding the 
company to join literally miles of 
steel fins and tubing in speed-up 
fashion, but also is saving vast quan 
tities of materials over the old manual 
‘solder dip’ methods employed pre- 
viously.” 
*“Automotic Brazing Speeds Output of Steel-Finned 


Condensers’ by Jay De€ulis, Engineering Editor, in 
STEEL, February 7, 1949. 


ELECTRIC FURNACES 


ANNEALING + BRAZING «+ DRAWING 
CARBURIZING + ENAMELING - HARDENING 


NORMALIZING + SINTERING 
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that the pressure required to pro the basis of data published by 


ME¢ SHANISM OF THE duce a given reduction is propor- other authors. 


tional to the roll diameter in the The presentation is followed by 
ROLLING PROCESS range of 40 to 400 mm. W. Rohn, discussions by Professor Siebel and 
in his discussion, indicates that two metallurgists, Dr. W. Rohn and 
there is a complete proportionality Dr. Weiss. 
for roll diameters of 3 to 750 mm. Dr. Rohn presented a rather 
(Starts on p. 714) and probably further. different picture of the rolling 
He finds further that if the In the second part of his paper process, but only in a descriptive 
clearance is maintained constant Emicke examines hot rolling. He way, with no figures given; he 
and the slab sent through a number states that here the use of the yield evidently had in mind only his 
of times, the reduction value drops strength values becomes impossible system of rapid continuous rolling 
rapidly and the torque approaches and only the resistance to change through a series of rolls of very 
zero, While the pressure remains of shape can be used, as conven- small diameter. 
at a relatively high level. He tionally agreed upon. He indicates Both Rohn and Weiss argued 
assumes this to be a_ result of that the curves of pressure and that the spring-back reported by 
spring-back of the material and torque versus initial thickness Emicke was essentially a result of 
measures this effect by rolling to- change the sign of their curvature the elastic deformations in the 
gether a slab of lead and two slabs at certain thicknesses of the slabs, stands of the rolls, not in the metals 
of aluminum alloy. The resulting because the side spread is not uni being rolled, and that the flattening 
differences in thickness are assumed form after the initial thickness of the bodies of the rolls might 
to represent the elastic spring-back passes 35 to 55 mm. account for the apparent supply of 
of the metal being rolled. Essentially the gravity of this power from nowhere during the 
Emicke completes his experi- part of Emicke’s work lies in the last stages of repeated rolling with 
ments on cold rolling by examining examination of the variations in a constant clearance. 
the effects of smoothness and lubri- “resistance to change of shape”, The impression obtained by this 
cation, which bring the torque which in his opinion depends on reviewer is that no matter how 
closer to the values computed from eight factors (which might be highly developed the art of rolling 
his simple formula, and he tests interdependent in addition). is, the theory is still lacking in data 
also the effect of rolling velocity The article ends in an examina- for the development of a clear pic 
on the torque, the pressure and tion of the torque and pressure in ture of the mechanism, and further 
the percentage of leverage obtained. the hot rolling of duralumin on development depends more on 
As to the effect of roll diameter, two-high, three-high and four-high conservative design and on revolu 
Emicke uses only data found in the mills at temperatures between 450 tionary attempts than on any math- 
literature for steel, which indicate and 360°C., as can be figured on ematical approach, M.G.C. 











asset in RODS and GRIDS 


and 
particularly in... 


PYRASTEEL 


A-R-T-1-C-U-L-A-T-E-D 
HEAT-TREATING GRIDS 


It has been proved by costly experience that rigid, one-piece cast 
grids and many articulated trays are short-lived in modern heat 
treating operations. 
PYRASTEEL Grids are designed and built for endurance and 
permanence in furnace work. They are made with a patented ball- 
and-socket construction that provides complete flexibility and 
eliminates the effects of expansion and contraction. 
Write f PYRASTEEL Grids are free from warping or cracking under the 
rite for most severe conditions. Quick assembly, and easy replacement 

PYRASTEEL of worn parts. Available in any size. 

Bulletin Install PYRASTEEL Grids and forget about ‘em — they're your 

e of conti , economical production. 


CHICAGO STEEL FOUNDRY COMPANY 


Kedzie Avenue & 37th Street ° Chicago 32, Illinois 








Vietal Progress: Page 718 





For Melting Non-ferrous Metals In Any Furnace-- 
-- NORTON Refractory Cements 


For melting all non-ferrous metals — in high frequency 
and induction furnaces, pit furnaces, direct arc type 
rocking furnaces — Norton Company offers a complete 
line of high temperature cements and prefired shapes. 
Fused magnesia cements for lining Ajax-Northrup high 
frequency furnaces melting nickel-chromium alloys; silicon 
carbide mixtures for ramming into oil or gas fired 
reverberatory and pit furnaces melting aluminum, copper 
and zinc; fused alumina cements for lining burner 
tunnels in gas or oil fired billet heating, heat treating 
and annealing furnaces; fused magnesia cement for 
rammed linings in Ajax-Wyatt low frequency vertical ring 


Ne) R TON induction furnaces melting high copper alloys, and cupro- 


nickel, nickel-silver and cadmium-bronze alloys. 


REFRACTORIES. NORTON COMPANY 
WORCESTER 6, MASSACHUSETTS 
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Ag-Mn RESISTANCE 
ALLOYS* 





INARY silver-manganese alloys 

with 9% Mn, annealed and 
slowly cooled from a proper temper- 
ature (250°C. for 8.78% Mn) have 
extremely desirable characteristics 
as resistance alloys for coils and 
shunts. They have maximum elec- 
trical resistivity close to 0°C. and 
from there to 200° C. the change is 
about 0.25%, while between 20 and 
50° C. the range in which testing 
instruments are normally used 
the temperature coefficient is about 
one millionth, which is much lower 
than for well-prepared manganin. 
On the other hand, the pressure 
coeflicient of resistivity is much 
greater than that of manganin, so 
the new alloy can be used for 
pressure gages and probably strain 
gages as well. 

The resistivity is most stable and 
does not vary by more than five 
millionths during a year. 


*Abstracted from “Special Silver- 
Manganese Resistance Alloys”, by 
Alfred Schulze, Zeitschrift fiir Metall- 
unde, Vol. 34, 1942, p. 16-19. 


The stability of the alloy de- 
pends on the heat treatment. As 
cold rolled, it has a substantial 
negative temperature coefficient of 
resistivity, which approaches zero 
as the temperature of heat treat- 
ment is increased, until the desir- 
able constancy is reached for the 
mentioned treatment at 250°C. 
Overheating gives it a positive co- 
efficient. The tensile strength of the 
cold drawn and tempered wire is 
63,000 psi. and the elongation is 
2%. The density is 9.51, specific 
resistivity 32 microhm-cm,. Thermo- 
electric power toward copper is 2.5 
microvolts per °C. 

A variant that can easily find 
special application is obtained by 
using 8% Mn and 7% Sn. This 
alloy has a positive temperature 
coefficient of about 20 millionths at 
ordinary temperature, and no heat 
treatment under 200° C. changes it, 
while higher temperatures increase 
the factor slightly. The tensile 
strength of this alloy is only about 
40,000 psi. but the 
reaches 22%, 


elongation 
much greater than in 
the binary 9% Mn alloy. The 
thermo-electric power against cop- 
per is extremely low, only 0.4 micro- 
volt per °C. Specific resistivity is 
43° microhm-cm. 


Reviewer's Remarks. The exist- 
ence of extensive solid solution on 
the silver side of the silver-manga- 
nese system has been known since 
1913, as a result of the work of G. 
Arrivaut. M. Hansen and G. Sachs 
corroborated the existence and 
range of this solution by measure- 
ments of electrical resistance, in 
1928. In the composition range of 
the terminal solid solution, the 
solidus and liquidus lines seem to 
run close together, as in the copper- 
manganese system. 

This reviewer tried to put silver- 
manganese alloys to industrial use 
in 1926, but was stopped by the 
peculiar oxidizability of the alloys. 
Even fine grinding or polishing 
produced an immediate brown film. 
Perhaps the German metallurgists 
have succeeded in eliminating this 
difficulty. 

The author does not offer any 
explanation regarding the stabilizing 
influence of the 250° C. treatment on 
the resistivity of silver-manganese 
wires. The elongation of the speci- 
mens remained low after this heat 
treatment, being 2%, which was the 
same as for the cold worked alloy 
without heat treatment. Perhaps the 
heat treatment is merely a stress- 
relieving operation. M. G. C. 





Better testing equipment 


to improve your products 


Compare the prices shown here with those currently i 
quoted for other units of test equipment designed 

for the same general purposes. These prices are 

not only lower but the performance of Dietert 
control equipment is in every case equal to or 
superior to any other units available. 


With the Dietert Carbon Determinator, you 
can run ACCURATE quantitative carbon tests 
on metals or other materials in the short space 
of two minutes. 


The PRICE is $235.00 


The Dietert Sulfur Determinator I 

provides you with the means of be ee me ees cme ye ee ee ee 
getting the sulfur content of 

metals and other materials with | 

precision. The equipment and 

the analytical procedure meets H 

the tentative ASTM Standards 

for the determination of sulfur 4 

in steels. ] 


The Dietert Brinell Hardness Reader can be 
used successfully by any one in your plant 
who can read a dial. No judgment is neces- 
sary, no charts or tables to consult and no 
figuring to do. It makes hardness testing 
foolproof. The Brinell Hardness Reader re- 
places the measuring microscope. It meas- 
ures the depth of the Brinell impression 
rather than the diameter. The dial is gradu- 


The PRICE is 
$153.00 





tions to you on these units if you 
CONTROL EQUIPMENT + SAND + MOLD + MOISTURE + CARBON + SULFUR alll walle to Gaatueé, 


ated in Brinell Hardness Numbers. 
Harry W. Company The PRICE is $48.00 
9330 Roselawn Ave. Detroid 4, Michigan We will rush detailed specifica- 
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Tus Is A 46" blooming mill spindle weighing 
almost 22 tons in the “as forged” condition. It is 
24’-10" long and will weigh 18 tons when finished. It 


was press forged froma 54” ingot weighing 55 tons. 





Its highly stressed application in a blooming mill 
demands strength, stamina, and high fatigue resist- 
ance for long life and the utmost in service. Finkl 
craftsmen build every specification into the job in 
each stage of its development... from research 
laboratory to finished product. 


We invite your inquiry the next time you are con- 
fronted with a heavy forging problem. Send your 


blueprints and specifications for prompt quotations. 


MO-LYB-DIE PRODUCTS: DIE BLOCKS AND | PISTON RODS AND RAMS « SOW BLOCKS * CRANKSHAFTS 


A. Fink! & Sons Co. 


2011 SOUTHPORT AVENUE * CHICAGO 14 
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SINGLE BEAD WELDS BENT BEYOND 
MAXIMUM LOAD 


Manganese-Titanium Steels show a low 
sensitivity in the weld notch test that 
is unusual for a high strength steel, This 
is clearly illustrated in the notch test 
comparison of manganese-titanium 
steel with manganese-vanadium plate 
shown here. 


Saw-Cut notch prior to bending 


Mn-Ti Steels produce better structural 
and plate sections. A minimum yield 
strength of 50,000 psi. is consistently ob- 
tained with %” sections. Greater econ- 
omy also may be obtained because of 


the low cost of total alloys in the steel. MANGANESE TITANIUM HIGH STRENGTH PLATE 


In addition to weldability, strength, and 
ductility, manganese-titanium steels 
resist abrasion and certain types of cor- 
rosion. Where cost is also a considera- 
tion, manganese-titanium steels have a 
decided advantage. 


V-Notch machined prior to bending 








You can get detailed information on 
the latest developments in manganese- 
titanium steel plus technical advice 
on TAM Metallurgical Alloys and their 
application through our sales office or 
field engineers. Writing today is your 
first step towards obtaining a source of 
authoritative information and assistance. 


MANGANESE TITANIUM HIGH STRENGTH PLATE 








TAM is a registered trademork 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Offices: 111 BROADWAY, NEW YORK,N.Y. © General Offices and Works: NIAGARA FALLS, N. Y. 
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Unit and quench tank, having a capacity of 150 to 350 pounds of work per 
hour, heat treats screw drivers, chisels, small tools, and miscellaneous hardware 
This installation at the plant of Cornwall and Patterson, Bridgeport, Conn., 

replaced five salt bath furnaces 


4.G.7. RECIPROCATING FURNACES 
FOR THEIR PRODUCTION HEAT TREATING 


@ The following are but a few of the many features that have caused leading manufacturers to choose A.G.F. Recipro- 


Two units, each having a capacity of 300 to 600 pounds of work 
normalize and harden various hand tools such as pliers, wrenches, 


pet hour, 
ammers, 
etc., at the Peck, Stow, & Wilcox Co., Southington, Conn 


Unit and quench tank, having a capacity of 35 to 7 


cating, Controlled Atmosphere Furnaces for their heat treating departments: 


VERSATILITY 


modification to process work ranging from extremely 


Each furnace can be used without 
small, light springs, stampings, and drop forgings, etc., 
up to quite large and heavy pieces. 


POSITIVE ATMOSPHERE CONTROL. The full muffle 
type Reciprocating Furnace has been redesigned to pro- 
vide a 100% atmosphere seal. The new seal permits 
maintenance and duplication of any desired atmosphere 
to a degree not heretofore obtainable. Surface restoration 
of decarburized work, case hardening by the patented 
""Ni-Carb” process, clean hardening, normalizing, and car- 


burizing can be accomplished with equal advantage. 


5 pounds of work per hour, heat 


treating belt saw teeth and other parts at the Mall Tool Company, Chicago, Illinois 


s 
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SIMPLICITY 


anism or conveyor belt maintenance problem. Only the 


There is no complicated drive mech- 


work, advancing through the muffle by its own mo- 
mentum, enters and leaves the furnace. The simple drive 
mechanism gives an infinite range of speed at which the 
work may be processed. The drive mechanism itself is 
located entirely out of the heat to reduce maintenance 


to a Minimum. 


ECONOMY. Increased production per man-hour, long 
alloy life, and minimized maintenance produce a lower 


heat treating cost per unit of work treated. 


For detailed literature covering Reciprocating Furnaces, 
write for Bulletin No. 815-AB or send coupon below. 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE STREET 
ELIZABETH 4, NEW JERSEY 


AMERICAN GAS FURNACE COMPANY 
1002 Lafayette Street, Elizabeth 4, New Jersey 


Please send Bulletin No. 815-AB illustrating and describing Reciprocating 
Furnaces 


Name 
Title 
Company 


Address. . 
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CHROMEND 19/9 wae WELD METAL 


a a= 390 


Mas YEARS AGO Arcos was asked to develop elec- 


he 





trodes to give weld metal to withstand temperatures 








NOPE RP PRET in the 1800°- 2000° F range. Arcos did it. 

nietai 6 see Recently Arcos was asked to develop electrodes to 
give weld metal to meet service requirements at 
temperatures in the sub-zero range. Arcos did it. 

These achievements reflect the ability and com- 
petence which produces electrodes to give the very 
highest quality weld metal for any kind of service 
conditions. 

Consistently good welds are obtained when Arcos 


electrodes supply the weld metal. 
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ELECTRODES * COILED WIRE © BARE ROD CORPORATION 





1500 S. 50th ST., PHILADELPHIA 43. PA 
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FOR OVER 25 YEARS—HEADQUARTERS FOR SALT BATH COMPOUNDS 


KNOWN FOR QUALITY BACKED BY EXPERIENCE 


Cyenamit 


SALT BATH COMPOUNDS 


Experience —Cyanamid pioneered in the develop- 
ment of Salt Bath Compounds and today is a leading 


producer of a complete line of these important materials e For carburizing — AEROCARB Compounds 


Facilities— Behind Cyanamid’s Salt Bath Compounds @ Do an unsurpassed job of producing a uniform case, 


are the manufacturing and technical skills made possible heat to heat and day to day 
by our many years of experience unexcelled laboratory Can treat all grades of carburizing steel with unex- 
facilities and the services of a highly trained staff of celled effectiveness 


technicians Can be used in gas, oil, or electrically heated furnaces. 


Technical Service — If you have a heat-treating or Operate without excessive fuming and with no cor- 
carburizing problem let Cyanamid share its experience rosive action on shop equipment, pot or parts treated. 
skill and facilities with you. There is a Cyvanamid Techni- 
cal Representative in your vicinity. Consult him without 
obligation by contacting the Cyanamid office nearest you. 





Provide easy chemical control—with low drag-out losses. 





Complete line of products to meet every need — 
Investigate today: ArrocarB* and Arrocase*® for liquid 
carburizing and heat treating of metal parts, for produc- a 
ing a hard, wear-resisting case . AFROHEAT* for salt 
bath hardening of carbon and alloy steels 


*Reg. U.S. Pot. Of AMERICAN Granamid LOMPANY 
INDUSTRIAL CHEMICALS DIVISION, Dept. P 


30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 


YOU CAN TREAT MORE METAL 
UNIFORMLY, FASTER, AND AT LOWER 
COST—WITH SALT BATHS! 











Please send me technical dato sheets on 
AEROCARB AEROCASE AEROHEAT 
Have your technical service mon coll 
DISTRICT OFFICES: Boston, Mass.; Philadelphia, Po.; 
Baltimore, Md.; Charlotte, N. C.; Cleveland, Ohio; 
Chicago, Ill; Kalamazoo, Mich.; Detroit, Mich.; 
St. Lovis, Mo.; Los Angeles, Calif. 


Name 


Company 


ee ae 


Address 


Vay, 1919: Page 











THERM-O-DISC 


Water Heater 
Thermostat 


No. 27—Product of 
THERM-O-DISC, Inc., Mansfield, Ohio 


Chace Thermostatic Bimetal, due to its depend- 
ability, was selected for this water heater 
thermostat, manufactured by Therm-O-Disc, 
Incorporated, Mansfield, Ohio. 


The actuating element is a strip of Chace No. 
2400 Thermostatic Bimetal. Fatigue tests were 
made of over 200,000 operating cycles, which 
were far more severe than actual operation 
requires, and at the end of these tests no change 
had occurred in the accuracy of the control. 


Chace No. 2400 is a general purpose bimetal 
for applications from -—100° to 600° F. Its 
characteristics include high deflection rate and 
torque, and it can be used up to 1000  F. 


Chace No. 2400 is just one of many bimetals 
developed for actuating elements in tempera- 
ture indication or control devices; all are avail- 
able in strips or finished pieces. Submit your 
problems in this field to the Engineering Depart- 
ment of the W. M. Chace Company for their 
recommendations. 


w. M. CHACE co. 
Manufacturers of Thermostatic Rimetals 


1626 BEARD AVE. + DETROIT 9, MICH. 
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Motor Generators 
by (OTUMBIA 
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For 
Electroplating Anodizing 
Electrocleaning Electropolishing 

There’s a Columbia M-G Set available for 

your needs, whether you have a small plating 

—_ or a large continuous strip plating line. 

Capacities up to 20,000 Amperes; 6 Volts and 
up. Dependable, performance proved, for 
many years. Your inquiries solicited. 


Write today for Catalog MP-700 


COLUMBIA ELECTRIC MFG. CO. 
4531 HAMILTON AVENUE CLEVELAND 14, OHIO 





CARBURIZING COMPOUND 


For Minimum Shrinkage 


Because Char Carburizing Compound is pre- 
shrunk in the manufacturing process, it shows 
a very low shrinkage in use. Shrinkage on 
working mixtures will not exceed 3 to 5% 
depending upon plant conditions. Where 
100% new compound is used, shrinkage is 
qunauad to average less than 1214%. This 
low shrinkage permits packing more steel 
per box— means more work per furnace 
hour, and lower costs. 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG., INDIANAPOLIS 4, IND. 
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you can 6c SURE.. te its 
Westi nghouse 


One Package...QOne Responsibility 


FROM the smallest job to the lorgest, seven elements enter into every RF HEATING application. 


By using one supplier for all seven, you get single responsibility for : 


switchgear, protective devices; 
frequency and power output; . . - 


EQUIPMENT — Coordinated to your problem, built and tested for your specific needs; . « « + « « 


( 4 Tl 
hi I | INSTALLATION —to meet your requirements for space and convenience, with 
t= =. ie 


Ks. 
Westinghouse engineering assistance; . TRAINING — of your employees to operate the 





equipment for the best results and highest efficiency; MAINTENANCE — preventive, to keep 
the equipment on the job; and Westinghouse emergency field service when needed! . . . «+ + + 
Westinghouse supplies all seven elements for your application. Call your local Westinghouse 


representative for full details, or write Westinghouse Electric Corporation, P. O. Box 868, 


Pittsburgh 30, Pa. 


WU estinghouse 
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When heat treating 


high speed steel—you can't 
beat salt for economy plus uni- 
formity. Molten salt in modern closely controlled furnaces 
can't vary. It may be automatically rectified 
to keep it pure. Pots and equipment 
are comparatively low in cost. And tool steel 


responds accurately to its salt bath treatment. 


ae 


Sie 
£5 








HOUGHTON’S | » .~ « SALT BATHS 


= 
le 
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AT PLAY SHOPPING 


f 


Everywhere, day after day, modern Americans enjoy the beauty 
and usefulness of Stainless . . . the bright metal that stays bright, 
year after year. 


There’s profit in stainless products, and extra profit in fabrication 
when you use SUPERIOR Stainless Strip Steel! Uniform handling 
quality . . . achieved through special precision in manufacture . . . 
is one good reason why. Let us detail the others. 


ENTERTAINMENT 


pele] die) F vale), | 


CARNEGIE, PENNSYLVANIA 








TITANIUM DISCOVERED 


Back in 1791 an English clergyman, Wil- 
liam Gregor, who liked to stroll and think 
on the beaches of Cornwall, became curi- 
the black there 
This gentleman of the cloth was also an 
amateur chemist and in this sand he dis- 
covered a Almost 
named Heinrich 
Klaproth ‘also discoverer of uranium and 
zirconium) extracted the same thing from 
rutile and named it Earth” 
the mythical our 
Titanium 


ous about sand he saw 


new element coinci 


dentally an Austrian 


“Titan 


Hence 


for 
Titans name 

Thereafter titanium was found in vari 
ous places including the Ilmen Mountains 
of Russia ‘ilmenite: but although it is the 
in order of earthly 


remained a 


ninth element abun 


dance, it mere laboratory 


curiosity until 1908 


TITANIUM OXIDE 
At that time Dr. A 
reduction of metals, mixed titanium oxide 


J. Rossi, expert in the 
with salad oil to make a white paint. In 
another 10 years a pure oxide was being 
produced which quickly won success as a 
pigment. Paint, false teeth, face powder, 
inks, 
plastics, paper consumed an increasing 
but still the 
pure metal was beyond industry's reach. 


tires, shocs, glassware, textiles, 


tonnage of titanium oxide 


INDUSTRIAL 
HIGH 


Metallurgy 





TITANIUM METAL & 
NATIONAL RESEARCH 


Titanium is an affectionate metal, over 


fond of oxygen and nitrogen when at high 


temperatures. Even a fraction of a per 


cent of either makes titanium of little 


value as a structural material. Until re- 


cently there was no means of preparing 
titanium metal in a form sufficiently free 
of these elements to indicate any po 
tential commercial value. Dr. W. J. Kroll 
of the Mines initiated 


many of the recent developments in ti 


Bureau of has 
tanium metallurgy by finding a means of 
preparing powdered titanium metal 
Only by exclusion of these gases can it 
be kept from embrittling combinations 
and when Remington Arms Company, a 
Du Pont 
produce metallic 


subsidiary, laid its plans to 
titanium in cast and 
knew that at Na- 


tional Research Corporation they could 


rolled shapes, they 


find the knowledge of vacuum technique 
that they 
The 


was a natural for National Research 


needed 


meltirg and « titanium 
We 
planned the process, designed the equip 
installed it this Na- 


tional Research Corporation pilot equip 


isting of 


ment and Today 
ment is handling the highest quality of 
commercial metal not much compared 


with aluminum nothing at all com- 


RESEARCH PROCESS 
VACUUM ENGINEERING & 


Dehydration — Distillation 


EQUIPMENT 


Coating 


DEVELOPMENT 





pared with steel but so promising that 


the industry 


the 


millions will be spent by 


within a few years to increase 


quantity and lower the price 


USES OF TITANIUM METAL 


Titanium stands fourth in abundance 


metals and there 
U.S.A 


weight, 


the structural 
is plenty in the 
light 
corrosion resistance 


among 
Tremendous 
strength ind remarkable 
comparable only to 
that of the noble metals) is a unique com 


bination. Coming at a time when long 
sighted people are viewing our metallic 
resources with alarm, it has an assured 
future. With the price pulled down to a 
few dollars a pound or less, titanium will 
be of primary importance to manu 
facturers of aircraft, automobiles, electric 
devices, gas turbines, superchargers, ma 


rine hardware, rockets, optics, jewelry 


WHAT NEXT? 
So, with the help of National Research’s 
high vacuum know-how, another ma 
terial has been taken from the test tube 
to the factory. Where else can good men 


hel; 


best in 


where can they 


the 


help 
National 


organization, equipment 


and ideas 
you” At 
brains 


Research 
ind an 
accumulation of 


unequalled unique ex 


perience are available 


Applied Physics 


NATIONAL RESEARCH CORPORATION 


SEVENTY MEMORIAL DRIVE I CAMBRIDGE, MASSACHUSETTS 


i King BRIT 


AMERICAN RESEARCH, LTD, London S W 7, E 
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Something vVew | ‘PROPERTIES 


_/ | OF METALS 
Designers > 


and Metals IN MATERIALS 
Enetneers ENGINEERING” 





Here is a compact, authoritative book 
written by seven outstanding authorities — that will provide a better understanding of 
metals for the designer and engineer. After the introduction by R. L. Templin, there is a 
comprehensive chapter on the fundamental concepts of various mechanical tests, written 
by M. Gensamer. Then J. R. Low, Jr., describes the standard tension tests at room tem- 
perature and low strain rates. The next chapter deals with the application of fatigue data 
to machine design and is written by R. E. Peterson. ‘Determination of the State of Stress”’ 
is the title of the fourth chapter by W. M. Murray. ‘Analysis of Stress in Aircraft Engines” 
is discussed by W. T. Bean, Jr., with a description of various types of testing equipment. 
In a chapter on ‘Testing to Specific Deflections’’, E. C. Hartmann points out that testing 
for quality control must be broadened to give the designer information of specific value. 
He describes equipment to secure test information that will aid the designer. In a final 


chapter, ‘‘Design for Energy Absorption’’, W. P. Roop discusses the ductility of metals. 


AMERICAN SOCIETY FOR METALS 
The book is well illustrated and has a compre- 7301 Euclid Avenue 


: Cleveland 3, Ohio 
hensive seven-page index. 177 pages I am enclosing $5.00 to cover the cost of one copy of 
cloth binding 6x9 


“Properties of Metals in Materials Engineering’. Please 
send immediately to: 


Name 


SEND YOUR ORDER NOW TO Company 


AMERICAN SOCIETY FOR METALS 


7301 Euclid Avenue e Cleveland 3, Ohio, U.S.A. 


Address 
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TA 


SUPERDIE— 


High Carbon, High Chrome 
Oil eral 
i roducti 
ee Di fferent —_ 
Much Better 
FOR LONGEST LIFE DIES, 
TOOLS AND ROLLS 


COMPANY 


ote) 





@ Immediately a “ROCKWELL” 
or ‘“‘TUKON”™ Hardness Tester is put into 
use, its purchase price becomes its least 
important feature. From then on the only 
measure of value is the accuracy of every 
test made. 

The dependable, enduring accuracy 
of all Wilson hardness testing equipment 














is assured by Wilson’s long experience, 
the Wilson Standardizing Laboratory and 
Wilson Field Service Engineers. In terms 
of hardness testing service, Wilson offers 

you most for every dollar you invest. 
Write for Catalog RT-46 on the 
**ROCKWELL” Hardness Tester and Bulle- 
tin DH-7 on microhardness testing with 

> ““TUKON”’ Tester, 

the a ee CARL-MAYER HIGH TEMPERATURE FUR- 
NACE, recirculating air heater type, for tem- 
BRALE is the only diamond indenter peratures up to 1,200°F., as installed for 
made to Wilson's precision standards Timken Roller Bearing Company. @ We also 
for use on **ROCKWELL” Hardness build Conveyor and Batch Type Furnaces up 
Testers and *“*ROCKWELL” Super- to 2,000° F., for heat treating, normalizing, draw- 
ficial Hardness Testers ing, etc., using gas, oil and other fuels. @ Our 
. many outstanding achievements make it well 


worth your while to consult Carl-Mayer Engi- 
WI LS O N neers on your next installation. 
ACcCCcO 
"A 
MECHANICAL INSTRUMENT CO., INC. as 
AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC _} 
aesaaen apa Vy? 


230-F PARK AVENUE, NEW YORK 17, N.Y. ms 

















3030 Euclid Avenue, CLEVELAND, OHIO. 
SS A A RS 
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\ 
“ene line of 


specimen preparation 
equipment includes — 


CUT-OFF MACHINES @ SPEC 
IMEN MOUNT PRESSES e¢ 
POWER GRINDERS @ EMERY 
PAPER GRINDERS @© HAND 
GRINDERS ¢ BELT SURFACERS 
® POLISHERS ¢ POLISHING 
CLOTHS AND ABRASIVES 





peed 


. - for accurate final polishing 


Low speed polishing is increasingly popular for the final step, particularly 
where soft non-ferrous metals are encountered. The production of smooth 
polished samples with a minimum of surface scratches and disturbed metal 
is the outstanding feature of this low speed Buehler Polisher No. 1505-2. 
Built to operate at selective speeds of 150 r.p.m. and 250 r.p.m. through a 
positive gear head drive housed in an oiltight base, this polisher represents 
the highest development in equipment for precision finishing of specimens. 
This polisher is also perfectly suited to the wax lap or lead lap polishing 
technique preferred by many metallurgists. 


The 8” diameter polishing disc is attached to a countershaft by a tapered 
sleeve. This tapered fit and long span between bearings assures smooth 
operation. The motor is 14 h.p. single phase bail bearing, operating on 
110 V., 60 Cycle AC current. Shipping weight, 80 Ibs. 


Buckler Xd. 


A PaRTwMERS ute 


METALLURGICAL APPARATUS 


165 West Wacker Drive, Chicago 1, Illinois 
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How’s Your Aluminum I. Q.? 


Here are 217 pages of helpful, practical facts on aluminum and its alloys. Alcoa’s 
experts tell you about equilibrium diagrams, how to prepare and analyze a series 
of alloys, bring them to equilibrium at definite known temperatures which are accu- 
rately measured, and to identify the phases present at each temperature. You're 
given 173 references. There is a comprehensive discussion of the microscope and 
its use in evaluating the properties and performance of aluminum alloys . . . Then 
there are two fine chapters on aluminum casting and wrought alloys, and a final 
chapter on heat treatments, resistance to corrosion, ete. ... Many graphs and tabu- 
lations: a 6-page index. 


“Physical Metallurgy of Aluminum Alloys” 


247 Pages...6x9... Illustrated... Red Cloth Cover... $5.00 


Know Your Bearings? 


26 experts have created an important engineering tool in this 256-page book. 
“Sleeve Bearing Materials”. The nature of bearing materials, the types of bear- 
ing materials, bearing structure and fabrication, and the application of bearings 
are discussed. Porous metal bearings, aluminum alloy bearings, cast bronze bush- 
ings and other new bearing materials are described. Features include steel-backed 
bearings, lubrication, electroplated bearings, and the preparation of cast iron 
surfaces for bonding. 8-page index. 


256 Pages...6x9... Illustrated... Red Cloth Cover... $5.00 


How Is Your Magnetism? 


“Metallurgy and Magnetism” presents an interesting relationship of metallurgy to 
ferromagnetism. The author points out that there is little appreciation of the effect 
of metallurgical factors such as grain size, impurities, strains, ete., on the mag- 
netic quality of iron and its alloys. Included are magnetic theory and defini- 
tions, types of magnetic materials, factors affecting properties, and magnetic 
analysis. 237 references are included. 


156 Pages...6x9... Illustrated... Red Cloth Cover... $4.00 


AMERICAN SOCIETY FOR METALS 
tothaal oo @ use THE coupon : 
7301 Euelid Ave. ; 
Cleveland 3 Ohio Check the book or books that vou want, 
Enclosed is remittance of 3 , for which please send and mail the coupon today, together with 
me the books checked. 
Physical Metallurgy of Aluminum Alloys $5.00 
Sleeve Bearing Materials — $5.00 
Metallurgy and Magnetism $4.00 


your check or money order. 


Name 


Address 


AMERICAN SOCIETY FOR METALS 
City Zone State 


— =< 7301 EUCLID AVENUE CLEVELAND 3, OHIO 
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If you’re having 


difficulty 
reaching higher 
P&B’ production 


automatic polishing and buffing equip- 
ment is the answer 
Whether you handle small job lots or mass produc- 
tion it is most important that you consider the 
versatile Packer-Matics. You'll find advantages in 
Packer Machines which appeal to top management 
as well as to operators. 


For example: Smooth, effortless operation — placing 
work on holder and removing finished piece at 
completion of cycle is all that is required of operator 

Finger-tip control — for starting and stopping 
table and individual heads minimizes operator fatigue 
and assures steady, dependable production 

Flexibility of equipment—interchangeable heads 
permit the polishing and buffing of varied work with- 
out necessitating new equipment 


Whatever your polishing or buffing problem it will 
pay you to contact the Packer Machine Company 
engineering department, Meriden, Conn 


* Polishing and Buffing 


NO. 2-12 ROTARY INDEXING Electric push 
button controls . . . twelve ball-bearing chuck 
spindles . . . dust proof oil reservoir... 
individual wheel stands. Wheels set at any 
angie, swivel in various positions. Max. motor 
size 15 H.P.—floor space required 10'16’x11’8". 





PACKER-MATIC 


AUTOMATIC MACHINES FOR BUFFING @ POLISHING # DEBURRING ® GRINDING 
THE PACKER MACHINE COMPANY @ MERIDEN, CONN. 
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Are you sure you are meeting 
print specifications on 


SURFACE 
FINISH? 


HAVING A METAL JOINING 
PROBLEM? Ask Us— 


ore Marwoonaiine 
EUTECTIC 


“Eutectic Low Tempera 
ture Weldrods” can 
solve it for you the 
modern way by joining 
metals at low heat — 
avoiding distortion, 
stress, warping, over 
heating 


Write to 
sole manufacturer — 


EUTECTIC WELDING ALLOYS CORP. — DEPT. D 
40 Worth Street New York 13, N. Y 


Chicago, Cincinnati, Cleveland, Dallas, Detroit, 
Los Angeles, San Francisco, etc. 











160 Field Engineers Everywhere to Help You 


America's Welding Alloy Specialists 


Avoid guesswork and approximations \, 
Be sure with the SURFACE ANALYZER’ \ 


val The “Surface Analyzer” 


checks surface finish from less 





For Quality 
Control of 


than | to 3000 microinches 


YW Instantaneous chart of the 
surface profile is obtained, giv 
ing the character, as well as the 


average roughness of the surface 


Yw Human error is eliminated 
by accurate power-driven pick- 
up, chart record and calibration 
in terms of an absolute standard 


The New ENGELHARD 


CONTROLLED ATMOSPHERE INDICATOR 


DON’T TAKE CHANCES with ruining costly work 
Be sure that the relative reducing value of your furnace 


val The Brush “RMS” meter pro- 
vides a constant visual check of 
average surface roughness 


for your inspection needs investigate 


or kiln atmosphere is always at the proper point by 


The SURFACE ANALYZER 


*Trode Mark Reg. U.S. Pat. Off 


For further information about this new product 


contact your nearest Brush representative or 


™ Fxuth 3405 Perkins Avenue « Cleveland 14, Ohio, U.S.A. 
MAGNETIC RECORDING DIV. « ACOUSTIC PROD. DIV. 
DEVELOPMENT CO. INDUSTRIAL INSTRUMENTS DIV. « CRYSTAL DIVISION 


Conodian Representatives 


A. C. Wickmon (Conoda) itd., P.O. Box 9, Station N, Toronto 14, Canada 





using an Engelhard Controlled Atmosphere Indicator 


No ambiguous readings—operates on a hitherto unused 
principle employing vacuum-jacketed sensing cells which 
detect and register the deviation, positive or negative, 
from the predetermined air ratio. Complete information 
given in Bulletin 100. Write today for your free copy. 


CHARLES ENGELHARD, INC. 


850 PASSAIC AVE.. EAST NEWARK, N. J 


Vetal Progress; Page 734 





Gulf Soluble Cutting Oil has excellent rust pre- 
ventive properties—one important reason why it 
was selected for this huge press. Its protective film 
prevents contact of the corrosive elements, water 
and oxygen, with the metallic surfaces of the hy- 
draulic system—helps insure freedom from oper- 
ating troubles. Ordinary soluble oils do not pro- 
vide equal protection against corrosion. 

Gulf Soluble Cutting Oil emulsifies readily 
with water, forms a stable emulsion, and is non- 
foaming. 

Gulf Soluble Cutting Oil is not only ideal for 
hydraulic systems but is equally effective as a cut- 
ting fluid on the machining jobs for which it is 
recommended. For further information on this 
quality product—and for one of Gulf’s practical 
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provides 
effective protection 
against rust 


rid’s largest 


The four accumulator 
“bottles” in the foreground 
store up the high-pressurc 
water required to operate 
this 18,000-ton die forging 
press. The surge tank in the 
background holds low-pres- 
sure water, acts as a sump 
for the pumps. This hy- 
draulic system contains 
19,000 gals. of water mixed 
with Gulf Soluble Cutting 
Oil, a stable emulsion which 
protects the entire system 
from rust 


slide-rule-type calculators, which will help you 
maintain desired soluble oil concentrations—send 
the coupon below. 


Gulf Oi! Corporation - Gulf Refining Company 


Division Sales Offices: 


Boston - New York - 
New Orleans + Houston - 


Philadelphia * Pittsburgh + Atlanta 
Lovisville + Toledo 
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WHEN | PICKED UP THE INGOT OF MAGNESIUM’ 


My friends knew I had no experience with mag- 
nesium 


They knew it was an untried metal where I was 
concerned 


So they laughed when I mentioned magnesium. They 
did not know I had just read that marvelous new book, 
“The Story of Magnesium’. They didn’t know. So 
I told them about the book 


Here is a little book, I said, that’s written for guys 
like you and me. Practical, down-to-earth stuff. Not 
scientific or technical. Not long hair. It packs into 258 
pages, scarcely larger than pocket size, the story of mag- 
nesium’s expansion from 7 tons a day to 300,000 tons 
a year during the war 


It’s a book that tells the methods of making this metal 
from the rocks, brines and sea water, of the properties 
of the metal and of its alloys, and of the processes where- 
by metal in ingot form can be converted into washing 
machines, ladders, tools, vacuum sweepers and, maybe, 
even hairpins 


No one was laughing now. I told how this book is 
one of a series on self-education. How it discusses and 
. CLIP AND MAIL TO 


American Society for Metals 
7301 Euclid Avenue, Cleveland 3 


Send me the new book, “The Story of Magnesium”, 
series for self-education. My check (or money) 
attached 

NAME 

COMPANY 


ADDRE 


City 


illustrates equipment for alloying, melting and refining 
magnesium. I mentioned open-pot processes, the cru- 
cible process, scrap recovery, and so on 


Take castings now, I said. There are sand castings, 
and quite a few practices are involved, including heat 
treatment. Then there are permanent-mold castings and 
die castings. 


There’s an entire chapter on fabrication, which covers 
extrusion and rolling, forging, shallow and deep draws 
spinning, hand forming and bending. Machining? 


There’s a complete chapter on that, too, really complete 


And all this is the McCoy. It’s written by an expert, 
name of W. H. Gross, who is with Dow Chemical Co., 
the big magnesium producer 


But I ¢an’t repeat the whole book to these guys 
They should get a copy—it’s not expensive—and read 
all about the various methods for riveting, welding and 
soldering, for cleaning, painting and decorative treat- 
ments. And uses! There’s a 24-page chapter on a mil- 
lion different applications, more or less, that’s worth 
the price of the book alone 


So, I say, get a copy of “The Story of Mag 
nesium” for yourself. You'll enjoy reading this 
new kind of metals book—and its a good book 
to have handy. Just mail the coupon 


260 Pages 97 Illustrations 


5%” x74” $1.50 


*With apologies, we believe, to the Alexander Hamilton 


Institute 
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inless steel castings of any size call for unusu 

ally clean foundry practice. Molten metal erodes sand 

passing through the “‘gates’’ in any casting. The more 

metal and the longer it runs, the more erosion takes place 

lore sand washes into the metal causing pits and irregu 

larities of surface Grinding and polishing bring these 
surlace detects to view 


You will appreciate, then, what 54 square feet of polished 
surface, on a casting about 9 ft. in diameter, means. 
Then, double the surface for both sides, for this casting 
s the bottom of a giant stainless steel food kettle that 
is polished inside and out 


The pouring of this cast- 
ing from two “‘teakettle”’ 
ladies, observed by two 
optic al pyrometers 

for close coordinatior 
good timing, because this 
metal is poured within an 
80 deg. control range 


Ww ether your proble 


stainless steel chain with 

2 oz links, or two-ton 

polished glass rolls, you can entrust the job to General 
Alloys with the knowledge that the personnel, expe 
rience and facilities of G.A. are unmatched in this highly 
specialized industry 


Since the war, G.A. has conducted extensive research and 
levelopment activities which are now being partially 
greatly improved casting techniques 
these ques are further applied and expanded, it 
will be possible to write specifications for vastly improved 
castings for heat and c« 1 resistant applications 


have received some inquiries concerning the origin 

ind species of the i ‘ n month's Metal 

Progress This was } F laymate 

and was produced laims alligators 
his only 


Florida has 
nothing th f ad I nore of, except 
illigators”’, id tl ma d this alligator and 
BREAD it reall » alligator was made by a 

aker. (Good crafts i 


mediun 
Gerti: gz tire 


Butt Mug 


trays, we designed a 
care ol a poker session 
We designed all letters 

et so they f as butt holders on the 
rim of the “Butt Mug present a custom-made 
butt mug with three initix » each General Alloys user 
who send Ss, within 


a report on a General 
\lloys installatior 


rrosion resistant Castings, 
stating the ap} 1 length of service and the 
satisfact receive ’ ve results of our products in 
comparison with others previously used This must be 
vritten our letter! 1 ily one can be accepted 
from each | n tf any one company in whicl 
ur products are used No reports will be used 
idvertis without written permis n 


in 


While taking a photograph of Bambi’s first encounter 


with an Arizona cactus we backed into another one and 
muffed the picture. He has been inspecting trees for 
needles ever since 


Industrial fur mechanism, heat treating trays and 
fixtures and all th igh temperature tooling of the 
treat, from pots to conveyor chain, in these, G 
products are outstanding. Over 30 years of cumulative 
experience in the engineering design, metallurgical refine 
ments and specialized casting techniques permit us to 
ombine all to effect the minimum cost-per-heat ur ol 
In the interest production economy, few 
atford to buy ! 1lloy Castings It is 
t than purchase price, that guides 


Eas R tho nrure _ 


ay 


gy cA THE Rg 
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GENERAL ALLOYS COMPANY 


“Oldest and Largest Exclusive Manufacturers 
of Heat and Corrosion Resistant Castings”’ 


BOSTON MASS. 


BALTIMORE DETROIT MUNCIE 
Gathmann tadustrial ¢ r General Alloys C Gee 0 
13 Park Ave 47 Gent Motors Wysor Bidg 


BOSTON FORT WAYNE NEW YORK 


00. O. Desautels General Alloys 

416 Utility Bide © Church St 

FFALO HOUSTON PHILADELPHIA 
R. E. Lynd Glidden Engrg. & Equip. C WwW. J. Fitzpatr 

J Tacoma Ave 3802 Winchester at Hussion 421 Chestnut 
CHICAGO DIANAPOLIS PITTSBURGH 
General Alloys € Geo. O. Desautels C Chew & Burke Equip ¢ 

24 Michigan Avy 02 NS. Meridian St Git First Natl. Bank Bide 


CLEVELAND LOS ANGELES ST. LOUIS 
—E €. Whiteside King & Andersen ( Associated Steel Mill 
St. Clair Ave 001 N. Vermont Ave 61 Olive St 
DAYTON MILWAUKEE TULSA 


Tenney Combustion Engre Gertinger Equipment The ¢ 


adit 
810 Wayne Ave 610 West Michigan St 


' South 





THE QUALITY NAMES IN ALLOY Xo 
FOR HEAT CORROSION ABRASION SLE 

















* 
i X-RAY VIEW reveals 
N | T R A L L O finest engineering and 


craftsmanship in the 
DoALL construction. 


Machine Parts last 20 times longer | |sxs*™™° 


im, 
re Metals 
Cr Wood 
Plastics 


Fobrics 


ek Paper 
ve . 
ER Synthetics 
ty Fat 


WORLD'S FASTEST 
STOCK REMOVING PROCESS 
Used in all industries to “slice’’ 
off stock in minutes instead of 
“whittling” to shape. Gives 
continuous cutting on external or 
internal shaping operations. 
NITRIDED NITRALLOY is a steel alloyed to a 
Nitralloy formula, case hardened “aap nitro- THE RIGHT SAW BLADE 

* Nei by the Nitridi FOR EVERY PURPOSE 
9 phere by the Nitriding process. DoALL’s many types of 
blades give the ‘“team- 
work’’ needed for produc- 
tion economies. DoALL 
Where vital machine parts subject to excessive wear or pioneered these many 
fatigue are made of Nitrided Nitralloy, their useful life is blades for optimum 
extended as much as 2000% —performance improves, main- cutting of all 
tenance is reduced substantially materials. 


WERE'S WHY The DoALL Co: 


YY NITRIDED NITRALLOY ,/ NITRIDED NITRALLOY Des Plaines, Illinois 
permits surface harden- parts show excellent 
ing with minimum dis- wear-resistance; do not 
tortion, because of the lose hardness below 750 
low hardening tempera- degrees F. 
ture used. 




















Y NITRIDED NITRALLOY 
NITRIDED NITRALLOY has the highest surface 
resists corrosion. hardness possible with 


yma women || MICRO HARDNESS 
TESTER 


strength. high fatigue resistance. 

LICENSEES ’ DETERMINES 
The steel manufacturers and distributors listed below are licensed to manu- e GRAIN 
facture and sell special nitriding steels under the registered trade-mark : 
NITRALLOY. Purchasers of these steels from licensed sources are auto- HARDNESS 
matically sub-licensed to convert them under the process and product patents 
of The Nitralloy Corporation without payment of any additional royalty. 
penne who Ae saege batty ea ws oo sources may obtain DATA CAN BE 
pe — “i ae to itralloy Corporation. ene ieede ay TAKEN VISUALLY OR 
A ny Ludlum Stee rporation. ittsburgh, Pa. 
The Babcock & Wilcox Tube Co. .. Beaver Falls, Pa. RISER AMGCAALY 
Bethlehem Steel Company Bethlehem, Pa. 
Carnegie-Illinois Steel Corp. Pittsburgh, Pa. ith ul ical ° . 
Copperweld Steel Company ‘ Warren, Ohio For use wi metaliurgica microscope equip- 
Firth-Scerling Steel Co. McKeesport, Pa. iamond ind w : - 
Rotary Electric Steel Co... sania Detroit, Mich. ment. The diamo enter works in con 


Vanadium Alloys Steel Company Pittsburgh, Pa. junction with a sensitive electronic relay; 
Joseph T. Ryerson & Son, Inc. Chicago, Ill. impressions are nearly perfect at 1000 X and 
Cincinnati, Ohio « Jersey City, N. J. ¢ Boston, Mass. « Detroit, Mich. 


St. Louis, Mo. ¢ Cleveland, Ohio * Philadelphia, Pa. ¢ Buffalo, N. Y. usable to 2000. Complete information is 
Milwaukee, Wis. 








available on request. 
A. Milne & Company New York, N. Y. 


Chicago, Ill. ¢ Philadelphia, Pa. « Boston, Mass. ¢ Pittsburgh, Pa. 


yo Nitralley lluegists are ilable for Itation and te rec- 
iow \ = emmend the most suitable position and fer any 
purpose. Write for the new edition of the illustrated Nitralley 
_ data beoklet (on your letterhead, please) — te us er to any of s.. Cc ANY 
pe these licensees. Liman 


*Reg. trade mark @ s4s2 ANN ARBOR. MICH. esTARUNED 1843 
THE NITRALLOY CORPORATION - 230 Park Ave.- N.Y. 17, N.Y. ae Sense 
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Join Shee 


WITH THE “ HELIARC” 


Trade-Mark 


SPOT WELDING TORCH 


Welds Stainless and Carbon Steels 


. . . Needs no forging pressure, 


works from one side only 


. . « Easy one-hand operation, 


just press the trigger 


This new application of inert gas-shiclded are 
welding meets a long-felt need in the assembly 
of light gage metals because welding can be done 
from one side and no forging pressure is required, 
With the Heniare HW -8 pistol-grip toreh you 
can spot weld duets, tubes, containers. brackets. 
handles or almost any structure. Sheets of mild 
steel. low alloy. or stainless steel. .030 to 064 in. 
thick can be joined in one to two seconds per weld. 
Also. thin sheets can be spol welded to underly - 
ing material of any thickness. Thus. corrosion 


resistant sheets can be joined to mild steel plate. 


Its no trick to weld with the Henane HW 
Spot Welding Torch. Just press the “muzzle” of 
the “gun” against the work and pull the trigger. 
\n automatic timer controls the entire operation. 
\ single hose assembly. standard length 25-ft.. 
connects the torch to the operating equipment. 
\ convenient push-button release on the torch 
barrel gives easy adjustment of the electrode. 
These features make the Hetimare HW-8 Spot 
Welding Torch an ideal production line tool, 
easy and natural to use and as light and port- 


able as an oxy-acetylene blow pipe. 


Call any Lixve office for additional information on this new spot 


welding process or any of the other LinpeE methods for joining. 


cutting. forming and treating of metals. 





ttle THE LINDE AiR Propucts COMPANY 


Trade-Mark 


Unit of Union Carbide and Carbon Corporation 


General Office: New York 17,N. Y. [[g Offices in Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The words “Linde” and “Heliorc” ore registered trade-morks of The Linde Air Products Company 
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‘eUzZeR HIGH SPEED Gas fF 


Attain High Temperatures 


without BLOWER or POWER 
... just connect to gas supply 


FULL MUFFLE Suamaees 
. teach temperatures of 2400° 
without blower or power. ideal A. 
heat treating high speed and Alloy 
Steels. Also available in Bench 

Models. 


ATMOSPHERIC 
POT 


HARDENING 
FURNACES 
. .tangentially- 
fired to assure 
even heot up to 
eso” F. 

used for Salt, 
Cyanide and 


ted 
Melting Aluminum. 


Send for the complete ‘‘BUZZER" Catalog 


HARLES A. HONES, rnc. 


123 So. Grand Ave. Baldwin, L.I., 


URNACES | 





nm. ¥; 





More Accurate ' Performance 
ENGELHARD 
THERMOCOUPLES 


The individual parts of Engelhard Thermocouples 
are selected and assembled to meet your specific 
conditions of atm and temperature. They 
elements, 


sphere 
combine correct thermo insulators 
protection tubes, terminal heads, couplings and 
Thermo 


hecessary accessories elements may he 


Platinum vs Platinum 90%-Rhodium 10% 
Reclaimed Platinum vs Platinum-Rhodium 
Chrome! vs Alumel 
fron vs Constantan 
Copper vs Constantan 


More than 40 years of research and instrument 


building can help answer your temperature meas- 

urement problems. Just fill out coupon below for 

complete information 

ee ee ee ee ee eee 
Please send me free copy of Bulletin 330-D 
NAME 


ADDRESS 


CHARLES ENGELHARD, INC. 


850 PASSAIC AVENUE, EAST NEWARK, N. J. 


Vetal Progres s: 


MICRO- 
HARDNESS 


. . for use with conventional 
table-model microscopes! 
VERSATILE—readily adaptable to petrographic, biological 


and metallurgical microscopes; suitable for hardness testing 


of a wide variety of metallic and non-metallic materials 


ACCURATE—vyielding hardness values in Standard Vickers 
Numbers, readily convertible to terms of other hardness scales 


LOW COST-—the price of the MH Micro-Hardness indenter 
is appreciably lower than that of equivalent available types 
It eliminates necessity for expensive, inverted-type metallo 
graphic equipment 


CUT (right) shows MH 
Hardness indenter 
mounted on conven 
tional metallurgical 
microscope. The com 
pact unit (4/. Ibs., 
complete s mounted 
interchangeably with 
microscope objective 
focusing mechanism be 
ng used to effect in 


dentations 


ERB & GRAY 


SPECIALISTS 
SCIENTIFIC & OPTICAL 
INSTRUMENTS 





854 So. Figueroa St 
Los Angeles 14, Calif 
Phone TUcker 6327 
TUcker 1209 








a 


; ‘ DD 
METALLURGICAL in “pamphlet size 





LIBRARY ) 








@ Here is a handy 
reprint for your reference shelves—a con- 
venient source when you want to dig out 
some “book-learning”’. 


SIBYL WARREN’S 


Bibliography of Metallurgical Books 
1936-1946 


which ran serially in Metals Review during 
the past year has now been reprinted as a 
20-page, 8x1l pamphlet. An author index 
is added and its convenient classification by 
subject will help you locate sources of in- 
formation at the moment you need it. 


$1.00 per copy 


Send your check and order to: 


AMERICAN SOCIETY FOR METALS 


7301 Euclid Avenue Cleveland 3, Ohio 
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“Buy U.S. Savings Bonds 
during the Opportunity Drive,” 


SAY 


THESE 


LEADING AMERICANS 








WILLIAM GREEN, President, 


American Federation of Labor 


“For the working man, an increased in- 
vestment in U.S. Savings Bonds can mean 
not only increased security but increased 
ability to take advantage of the opportunities 


that are part of the American way of life.” 





CHARLES F. BRANNAN 


Secretary of Agriculture 


“I am heartily in favor of the Opportunity 
Drive to buy more U. S. Savings Bonds. 
Everyone engaged in farming should recog- 
nize the importance of a backlog of invested 
savings as a means of realizing the agricul- 


tural opportunities of the future.” 





PHILIP MURRAY, President, 
Congress of Industrial Organizations 


WINTHROP W. ALDRICH, Chairman, 
Chase National Bank 


“The C.1.0. has endorsed every effort to 
encourage the worker to put more of his 
S. Savings Bonds. They rep- 


“I believe that every individual who can 
possibly do so should buy more U.S. Savings 


Bonds. These bonds represent one of the earnings into | 


best investments of our time.” resent both security and independence.” 


URING May AND JuNeE, the U. S. Savings Bond Oppor- 
tunity Drive is on! 

It is called the Opportunity Drive—because it is truly an 
opportunity for you to get ahead by increasing your own per- 
sonal measure of financial security and independence. 

If you haven’t been buying Savings Bonds regularly, start 
now. 

If you have been buying them, add an extra Bond or two to 
your purchases this month and next. Remember— you'll get 


back $4 for every $3 in a short ten years’ time! 


Put More Opportunity 
in Your Future... 


INVEST IN U.S. SAVINGS BONDS 
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Contributed by this magazine in cooperation with the 


Magazine Publishers of America as a pub service. 














WHY GUESS THE TEMPERATURE 
... when you can see it! 











THE NEW 

PYRO RADIATION 

PYROMETER 
| Tells spot temperatures instantly 
—in heat-treating furnaces, kilns, forg- 
ings and fire boxes. No thermocouples, lead 
Just wires or accessories needed! Temperature is 
sight it... indicated on direct-reading dial at a press of 
and press the the button. Any operator can use it. In two 


button | double-ranges for all plant and laboratory needs 
Write for FREE Catalog No. 100. 


PY RO OPTICAL 
PYROMETER 

Accurate femperatures at a glance! 
Determines temperatures of minute spots, fast 
moving objects or smallest streams—accurately, 
rapidly. No correction charts or accessories 
needed. Easy to operate—weighs only 3 Ibs. 
Special types available to show true spout and 
pouring temperature of molten metal in open 


In 5 temperature ranges. Write for FREE 
CATALOG No. 80 


THE PYROMETER 
INSTRUMENT COMPANY 


New Plant and Laboratory 
Bergenfield 8, N. J. 


NEW “SNX’’ PERECO FURNACE 
for Sintering, Brazing, Annealing by 
“Straight-Line” 3-Zone System! 


Heat range of this compact unit is L100) to 2750) | This Globar 











element furnace is manual pusher type, designed for batch treat 
When you are looking into costs, be sure to check ment on a “straight-line”, 3-zone system. Work moves from 
your forgings, stampings and castings. More than purge (preheat chamber), through high temperature area. then 
one company has found that die casting such parts water cooled area. Ideally suited for sintering powdered metals. 
on Lester-Phoenix equipment has given them that | brazing. bright annealing 
needed price edge to surpass growing competition. | am! metal research uses 
Take Corbin Cabinet Lock Division of the Ameri- | (@=-tight construction 
can Hardware Corp. The parts for their 3A6 night | threugheut. Has counter- 
latch were previously made of gray iron castings | balanced doors equipped 
and brass. They started casting these parts on their | “ith automatically oper- 
heavy duty Lester-Phoenix die casting machines | #!¢ flame curtains which 
shown here) and, as a result, they say, “There is a prevent contamination of 
considerable saving in the weight of the metal and | !rmaer atmosphere when 
also in the amount of machining that has to be done doors are open. Connections 
on these parts”. provided for controlled 
Lester-Phoenix die casting machines and Lester | *t™me-phrres Unit has high 
engineers provide the key to sound, economical die | "™rrrsture “0ne area at 


casting. Let us hel ou solve your die castin we by Ph. by 1k Max 
auaiibaaee, PY Y g power input 15 KW. Other PERECO makes standard 


mufile sizes available. Wreite and special electric furnaces 


LESTER-PHOENIX Si ——<— = 


DIE CASTING MACHINES } 1 canteen ik «igre 
4 


Inquire 


Distributed by LESTER-PHOENIX, INC. ° PERENY EQUIPMENT CO. 
2619 CHURCH AVE., CLEVELAND 13, OHIO Dept. QO, 893 Chambers Road, Columbus 12, Ohio 
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YOUR name on your 
product indicates your assurance of 
service and complete satisfaction to the 
purchaser. Yet... products will not 
yield uniform satisfaction unless they 
are built of known uniform materials. 
To know fabricated products are right 
is but one phase of Metallographic 


Inspection, the science that provides 


20CtMON 


ctentific 


SCIENTIFIC RESEARCH & PRODUCTION CONTROL APPARATUS 
3737 W. CORTLAND ST. . CHICAGO 47, ILLINOIS 


Precision Polmatic 
Automatic Polisher 





Automatically grind- 
polishes up to 12 
specimens at one 
time. 


pre-determined production standards 
and quality.* Our new 32-page catalog 
contains helpful information and list- 
ings of the very latest in equipment for 
preparing specimens for inspection. 
Write for your copy today. 


. 
Sold by leading 


Laboratory Supply Dealers 








Please! A copy of your 
Metallurgical Catalog No. 860 


Company 
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SCALE-FREE ANNEALING 
NICKEL-SILVER AND ALLOY WIRE 


@ The installation view above shows another interesting EF 
gas-fired recuperative radiant tube special atmosphere continuous 
roller hearth furnace. This equipment clean and scale-free anneals 
nickel-silver and other alloy wire in coils—handles 700 Ibs. of 
wire per hour, in coils up to 30” in diameter, weighing from 
65 to 85 Ibs. each. 


The EF combustion type generator for producing the special 
protective atmosphere and the desulphurizing unit for removal of 
hydrogen sulphide from the combustion atmosphere before intro- 
ducing it into the furnace, are shown at the left. 


EF furnaces are built in many different types, for performing 
a wide variety of heat treating processes. Sizes to meet any pro 
duction requirement — gas-fired, oil-fired, or electrically heated, 
whichever is best for your particular problem,—and location. 
No installation is too large or too unusual for EF engineers. 
Let us work with you on your next furnace problem. 


X 


GAS-FIRED 


OIL-FIRED 


and ELECTRIC 


FURNACES 


. 


for 

AGING 
ANNEALING 
BRAZING 
CARBON 

RESTORATION 
CARBURIZING 
CERAMIC 

DECORATING 
DRAWINGS 
HARDENING 
HOMOGENIZING 
MALIEABLIZING 
NORMALIZING 
NITRIDING 
SINTERING 
SOLUTION 

TREATING 


> SPECIAL ATMOS- 


PHERE TREAT- 
MENTS 


THE ELECTRIC FURNACE CO. 


we eee 


eR MER 
WILSON STREET e 
onal 





GAS FIRED, OIL FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 





it’s MAbE from powder metal! 


Powder metal is best for many things 
and this pinion gear is one of them. 

It staggers the imagination to think 
how many of these pinion gears in iron or 
brass are turned out annually . . . and what 
savings could be made in machining, in- 
spection and cutting-waste if all were done 
in powder metal! 

The gear is shown in exact size in the 
picture above. Tolerances are within 
.002” O.D. and .0005” 1.D. The gear can 
be made without keyway if desired . . . or 
with holes in it . . . or with teeth for only 
part of the circumference . . . or only part 


of the width. It can have a non-metal part 
bonded to it...or a shaft instead of a hole. 

One is tempted to say there is no 
limit to what can be done by the powder 
metal process . . . but there is! Size of part, 
quantity, and design determine the suit- 
ability of powder metal for a part. 

Stokes does not make powder metai 
parts . . . we make the equipment for 
producing them. We shall be pleased to 
advise on the suitability of this process for 
your needs. Send us your blueprints or 
sample parts. ; 
F. J. Stokes Machine Company, | f" ’ 


60U€ Tabor Rd., Phila. 20., Pa. = 


eee dace 


Stokes makes Semi-Automatic and Automatic Molding Presses, Plunger Presses, 
Closure Presses, Preforming Presses, Industrial Tabletting and Powder Metal Presses, 
Vacuum and Special Processing equipment, Water Stills and Special Machinery. 





